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Executive Summary

This Engineering Evaluation/Cost Analysis (EE/CA) addresses the rationale for selecting a
removal action for the storm water retention pond, Pond 3, within Operable Unit (OU) 9 at
Hill Air Force Base, Utah. Portions of the pond sediments are contaminated with arsenic at
levels that exceed risk-based standards. The risk-based standards used for this assessment
are the OU9 residential risk-based screening levels (RBSLs), which are equal to background
levels for several metals. Previous investigations conducted from 1989 through 2002 have
provided adequate sediment sampling to identify the contaminants of concern and define
the extent of contaminant exposure.

Contaminated pond sediments are present in four areas within Pond 3. These areas are
located adjacent to the south bank in the western portion of the pond. Both lateral and
vertical extent of arsenic contamination was delineated by using the analytical data from
various site investigations. The vertical extent of arsenic contamination exists in the top
4 feet of sediments/soil. Approximately 200 cubic yards (cy) of sediment contaminated with
arsenic above background levels would require removal and/or remediation. If excavated,
the final volume of sediment is expected to bulk to approximately 260 cy.

Three alternatives are presented in this EE/CA to address the contaminated sediments: no
action, contaminated sediment removal with off-site disposal, and implementation of
phytoremediation for arsenic removal. Alternative 1 (no action) is included as a baseline for
comparison purposes. Alternative 2 involves excavating the arsenic-contaminated
sediments, placing the excavated sediments in a staging area for composite sampling,
confirmation sampling to assure adequate removal, disposal of the sediments at the
appropriate disposal facility, and restoration of the disturbed pond surface. Alternative 3
includes construction of a 5,000-square-foot lined treatment cell within the pond boundary,
excavation of the arsenic contaminated sediments, placement of the sediments within the
treatment cell, confirmation sampling, planting of phytoremediation plants to extract
arsenic from the sediments, and grading/restoration of the pond.

Each alternative was evaluated against the nine criteria defined in 40 CFR 300.430(e)(9),
which provide grounds for comparing the relative performance of the alternatives and
identifies the advantages and disadvantages of each alternative.

Based on the EECA conducted, it is recommended that the contaminated sediments be
excavated and transported off-site to an approved disposal facility. The recommended
alternative includes confirmation sampling to assure adequate contaminant removal. No
long-term maintenance or monitoring will be required for this alternative. A period of 5 to 7
weeks is estimated for the completion of this removal action.
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1.0 Introduction

1.0.0.1. This document presents an Engineering Evaluation/Cost Analysis (EE/CA) for the
remediation of contaminated sediments in Pond 3 [Installation Restoration Program (IRP)
Site SD023], Operable Unit (OU) 9 at Hill Air Force Base (HAFB or Base), Utah. Pond 3 is a
storm water retention pond located along the southern boundary of HAFB, west of the
South Gate. Portions of the pond sediments in the western portion of the pond are
contaminated with arsenic at levels that exceed residential risk-based screening levels
(RBSLs).

1.0.0.2. This work is being performed as part of Air Force Center for Environmental
Excellence (AFCEE) Contract Number F41624-00-D-8021, Task Order 0163. This document
presents several removal alternatives and a cost analysis of those alternatives. The
remainder of this section describes the purpose of the document, site background, scope of
work, and report organization.

1.1 Purpose and Objectives
1.1.0.1. The purpose of this report is to document the rationale for selecting and
implementing a contaminated sediment removal action at Pond 3 as an EE/CA. Under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980
(CERCLA), a removal action can be implemented to mitigate a threat of release of
hazardous substances. Removal actions are intended to be short-term, limited responses to a
particular problem at a site. Investigators of Pond 3 have concluded that the conditions
qualify for a non-time-critical removal action, for which EE/CA technical guidance applies.
Non-time-critical removal actions can be implemented at sites for which the lead agency has
determined that a removal action is required, but for which a planning period of more than
6 months is required.

1.1.0.2. Site investigation studies at Pond 3 have shown that sediment contamination exists
in the western portion of the pond at various depths. HAFB is proposing a
removal/remedial action to eliminate the potential for human exposure and protect the
environment.

1.1.0.3. The objective of this report is to document existing site conditions and provide a
comprehensive analysis and comparison of alternatives for remediation of the contaminated
sediments within Pond 3. In addition, a cost evaluation has been performed for each
proposed alternative. This document has been prepared in accordance with Guidance on
Conducting Non-Time-Critical Removal Actions Under CERCLA [United States Environmental
Protection Agency (EPA), 1993].

1.2 Scope of Work
1.2.0.1. To accomplish the objectives described above, the following scope of work was
performed:



POND 3 ENGINEERING EVALUATION/COST ANALYSIS REPORT

P:\HILLAFB\POND 3 EECA\FINAL REPORT\POND 3 EECA FINAL REPORT V1.DOC1-2

• Evaluation of investigative and analytical data from previous investigations

• Additional soil sampling at the western end of Pond 3 to further delineate metal
contamination

• Petrographic analyses of pond sediments for detection of asphalt components

• Identification of potential removal alternatives

• Comparison of removal alternatives and cost comparison

• Preparation of this report

1.3 Report Organization
1.3.0.1. This report is organized into six sections, followed by Appendices A through E.
The report sections and appendices are summarized as follows:

• Section 1 – Introduction. The purpose of the EE/CA, scope of work, and report
organization is presented in this section.

• Section 2 – Site Conditions. Section 2.0 presents the site background, geology and
hydrogeology, site contamination levels, and contaminated sediment characterization
and disposal regulations.

• Section 3 – Removal Action Objectives and Scope. The removal action objectives and scope
are presented in Section 3.0.

• Section 4 – Engineering Evaluation/Cost Analysis of Alternatives. Section 4.0 presents the
identification, evaluation, and comparison of removal alternatives.

• Section 5 – Recommended Removal Action Alternative. Section 5.0 presents the recommended
removal alternative for the contaminated sediments.

• Section 6 – References.

• Appendix A – Analytical Results. This appendix contains laboratory analytical data for soil
samples obtained at Pond 3.

• Appendix B – Petrographic Analyses of Asphalt-Bearing Pond Sediments Report. A report by the
Energy & Geoscience Institute on the analyses of Poly-Aromatic Hydrocarbons (PAHs)
in the pond sediments is provided in this appendix.

• Appendix C – Applicable or Relevant and Appropriate Requirements. This appendix contains a
summary of the Applicable or Relevant and Appropriate Requirements (ARARs)
applicable to the removal alternatives.

• Appendix D – Present Worth Cost Analysis. Cost estimates for the removal alternatives are
presented in this appendix.

• Appendix E – Regulator Comments and Response to Comments. Comments from the Utah
Department of Environmental Quality (UDEQ) and the United States Environmental
Protection Agency (EPA) as well as responses to these comments are provided in
Appendix E.
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2.0 Site Conditions

2.1 Introduction
2.1.0.1. This section provides a summary of the site conditions, site history, and
environmental investigations that were used to develop the removal alternatives. Analytical
data used to develop this section is from previous investigations as well as investigations in
2002. Also included in this section are summaries of the geological and hydrogeological
conditions, extent of sediment contamination, and sediment characterization and disposal
regulations.

2.2 Project Background

2.2.1 Location
2.2.1.1. HAFB is located in Northern Utah, approximately 25 miles north of Salt Lake City
and 5 miles south of Ogden. HAFB occupies approximately 6,700 acres in Davis and Weber
Counties. The western boundary of HAFB is formed by I-15, and the southern boundary by
State Route 193. The northern and northwestern perimeters are bounded by the privately
owned Davis-Weber irrigation canal. The eastern boundary is formed by undeveloped lands
and the North Davis County Energy Recovery Facility. Pond 3 is located along the southern
boundary of HAFB, west of the South Gate. The location of Pond 3 is presented in
Figure 2-1.

2.2.2 Site Description and History
2.2.2.1. Pond 3 is designated as IRP Site SD023, which is regulated under CERCLA in
accordance with the Federal Facilities Agreement (FFA). Pond 3 was designated as an IRP
site because surface water runoff contained in the pond, emanated from existing and former
industrial areas that have used hazardous materials and generated hazardous wastes.

2.2.2.2. Pond 3 has been a storm water retention pond since 1957. Currently it is designated
as a wildlife habitat area. Pond 3 receives storm water runoff from the southern area of the
Base. This area includes portions of the industrial and flight line areas. Storm runoff from a
portion of the industrial area and the flight line drains into Pond 1, near the 419th Fighter
Wing Area. A controlled flow is discharged from Pond 1 to Pond 3 via a 33-inch storm drain
line. Pond 1 is drained as much as possible after each storm event, depending on the
available capacity of Pond 3. Storm water retained in Pond 3 drains to the south through a
33-inch storm drain line to the city of Layton storm drain system, which discharges into
Kay’s Creek, located southeast of HAFB, and eventually flows into the Great Salt Lake.
Discharge from Pond 3 is controlled in order to maintain a constant water level and
preserve the wildlife habitat. The current discharge permit by the city of Layton allows for a
20 cubic feet per second (cfs) discharge during regular discharges with an allowance of
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40 cfs under emergency situations (Stantec, 1999). Future use of Pond 3 is expected to
remain, as it currently is; a storm water retention pond and wildlife habitat.

2.3 Investigations
2.3.0.1. A series of investigations at Pond 3 were carried out from 1989 to 2002. Four areas
of soil contamination above residential RBSLs were identified. All soil sample locations from
each investigation and analytical results exceeding residential RBSLs are summarized in
Table 2-1 and shown in Figures 2-2, 2-2a, and 2-2b. Elevated arsenic concentrations, sample
locations, and defined contaminated areas are presented in Table 2-2 and Figure 2-3. Each
investigation phase is described in detail in the following sections.

2.3.1 The Remedial Investigation/Feasibility Study
2.3.1.1. The Remedial Investigation/Feasibility Study (RI/FS) process for Pond 3 began in
1989 with an evaluation of the presence/absence of contaminants in surface water and
sediment which is summarized in the Draft Final Remedial Investigation Report for Operable
Unit 3 (JMM, 1992). In April of 1991, Pond 3 was added to OU3 (JMM, 1992). The nature and
extent of surface water and sediment contamination was further evaluated in the Final Phase
II Remedial Investigation Report for Operable Unit 3 [IRP Sites ST04, WP05, WP06, ST18, SD23,
SD34] (OU3 RI) (MW, 1995). A “no action” decision for Pond 3 was concluded in the Final
Record of Decision for Operable Unit 3 (IRP Sites ST04, WP05, WP06, ST18, SD23, SD34) (OU3
ROD) (MW, 1995a).

2.3.1.2. The OU3 RI documented the sampling and analysis of sediments and surface water
for Volatile Organic Compounds (VOCs), Semi-Volatile Organic Compounds (SVOCs),
pesticides, polychlorinated biphenyls (PCBs), metals, hexavalent chromium, and Total
Petroleum Hydrocarbons (TPHs). Sediment samples were also analyzed for cyanide. The
risk assessment identified the predominant contaminant pathways as being between the
contaminant sources and surface water and from surface water to pond bottom sediments.
Migration of contaminants from pond bottom sediments to groundwater was considered a
minor pathway, not likely to occur. Potential risks were not significant for current or future
pathways. Estimated hazard indices were less than one for all current and future exposure
scenarios.

2.3.1.3. The OU3 ROD documented the findings and conclusions of the OU3 RI and the
risk assessments. The OU3 ROD concluded that the contaminants in Pond 3 surface water
and sediment did not pose current or future health risks or present a threat to groundwater.
Therefore, further action at Pond 3 was unnecessary.

2.3.2 Pond 3 Inlet Investigation
2.3.2.1. As mentioned above, the OU3 ROD concluded no further action was necessary at
Pond 3. However, an unrelated investigation at Pond 1 identified contamination around the
northwest Pond 1 inlet. Pond 3 is hydraulically downstream from Pond 1, connected via a
33-inch storm drain pipeline. Because of the detection of contaminants at Pond 1, it was
believed that an additional investigation of the Pond 3 inlet area was warranted.
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2.3.2.2. In the summer of 2000, the Environmental Restoration Division of the HAFB
Environmental Management Directorate initiated a voluntary investigation of the Pond 3
sediments. Results of the investigation were presented in the Final Analytical Data Report
(ADR) for Operable Unit 9 Investigation Areas 1 May through 10 October 2000 (MW, 2001). Ten
hand augured soil borings (U9-P3-700 through U9-P3-709) were performed and surface
sediment/soil samples were collected near the Pond 3 inlets. Soil samples were collected at
depths ranging from 1 to 4 feet below the ground surface (bgs). The samples were analyzed
for VOCs, SVOCs, trace metals, and general chemistry. The analytical results indicated
elevated levels of arsenic in Soil Boring U9-P3-709 from 0 to 1 feet bgs and 2 to 3 feet bgs at
concentrations of 115 milligrams per kilogram (mg/kg) and 26.8 mg/kg, respectively.
Benzo(a) pyrene was detected in Soil Boring U9-P3-700 from 1 to 2 feet at 0.5 mg/kg.

2.3.2.3. From October 2001 through May 2002, three sampling rounds were conducted to
further verify the presence of SVOCs and arsenic near the pond inlets and around Soil
Borings U9-P3-700 and U9-P3-709, which previously had elevated levels of Benzo(a) pyrene
and arsenic, respectively. During the sample round in October 2001, Soil Borings U9-7644,
U9-7645, U9-7646, U9-7648, U9-7649, and U9-7650 were collected near the east inlet and
adjacent to the south bank at the west end of the pond. A second sample round occurred in
early 2002 in which samples were collected at Soil Borings U9-7652, U9-7653, U9-7655,
U9-7656, U9-7657, and U9-7659. During the third sample round in May 2002, samples were
collected at nine locations (Soil Borings U9-7661 to U9-7669) and analyzed for SVOCs, PCBs,
and metals in order to further define the extent of contamination near the pond inlets on the
north side and west end of the pond.

2.3.2.4. The analytical results for the three rounds indicated elevated levels of PAHs,
arsenic, cadmium, lead, and Deldrin. Elevated levels of PAHs were detected at Soil Borings
U9-7649, U9-7650, U9-7656, U9-7657, U9-7658, U9-7661, U9-7662, U9-7664, U9-7665, and
U9-7667. The elevated concentrations of PAHs are provided in Table 2-1. Arsenic
concentrations above the background level of 9.76 mg/kg were detected at Soil Borings
U9-7644, U9-7652, and U9-7653 at concentration levels of 13.1 mg/kg, 89.4 mg/kg, and
22.5 mg/kg, respectively. At Soil Boring U9-7667 (0 to 2 feet bgs), a cadmium concentration
of 6.2 mg/kg was detected, which exceeds the background concentration of 3.58 mg/kg.
Lead and Deldrin concentrations of 422 mg/kg and 0.058 mg/kg were also detected at the
same location, exceeding the OU9 RBSL of 400 mg/kg and 0.04 mg/kg, respectively.

2.3.2.5. The cadmium, lead, and Deldrin concentrations at Soil Boring U9-7667 from 0 to
2 feet bgs are well above other samples taken at Pond 3. Cadmium concentrations for other
locations range from 0.36 to 1.6 mg/kg, lead concentrations from 5 to 307 mg/kg, and
Deldrin concentrations from 0.0004 to 0.02 mg/kg. The sample taken from 2 to 4 feet bgs at
Soil Boring U9-7667 had cadmium, lead, and Deldrin concentrations of 0.58 mg/kg,
8.6 mg/kg, and 0.002 mg/kg, respectively. The elevated level of Deldrin was assumed to be
a one-time occurrence isolated to this location only. No further investigation was warranted.
Since the high concentrations of cadmium and lead were only detected at Soil Boring
U9-7667, sampling to attempt to duplicate the analytical results was performed in
December 2002.

2.3.2.6. To determine whether the elevated cadmium and lead levels at Soil Boring U9-7667
can be considered outliers, four additional samples were taken at two locations, Soil Borings
U9-7857 and U9-7858 in December 2002. The highest concentration of cadmium and lead



POND 3 ENGINEERING EVALUATION/COST ANALYSIS REPORT

P:\HILLAFB\POND 3 EECA\FINAL REPORT\POND 3 EECA FINAL REPORT V1.DOC2-4

detected in the four samples taken were 2 mg/kg and 57.3 mg/kg, respectively. Both
constituents were detected well below residential RBSLs and were not comparable to the
levels detected at Soil Boring U9-7667. Therefore, it can be assumed that the elevated levels
of cadmium and lead detected at Soil Boring U9-7667 are elevated background levels.

2.3.3 Arsenic Delineation Investigation
2.3.3.1. In September and December 2002, additional soil sampling was performed in the
western portion of Pond 3, along the south bank, for further delineation of arsenic-
contaminated sediments. This investigation focused in an area where elevated arsenic was
previously found, but an additional investigation was necessary to evaluate the lateral and
vertical extent of elevated arsenic levels. Soil samples that contain arsenic levels that exceed
background levels (9.76 mg/kg), also defined as the OU9 RBSL, are considered elevated. All
sample locations with elevated arsenic levels from previous and recent investigations are
summarized in Table 2-2.

2.3.3.2. In order to identify the extent of elevated arsenic, 94 sediment samples were taken
from 46 locations at a depth range of 0 to 2 feet bgs, 2 to 4 feet bgs, and two locations at 4 to
6 feet bgs during the three rounds of sampling. Sample Rounds 1 and 2 were performed in
September 2000 and Round 3 was performed in December 2002. The intent of the third
sampling round was to further define the contaminated area as determined by evaluating
the results of Rounds 1 and 2. The analytical results from the three rounds indicated the
presence of elevated arsenic at ten sample locations, varying from 0 to 4 feet bgs with a
concentration range of 11 to 117 mg/kg. These results indicated that pond sediments
contaminated with arsenic exceeding background levels are isolated to an area along the
south bank of Pond 3 as shown in Figure 2-3. Cross sections were developed depicting the
vertical extent of the contamination to be isolated to the top 4 feet of sediment and native
soils. The cross section locations through the contaminated area are provided in Figure 2-3
and the cross sections are provided in Figure 2-4.

2.3.4 Poly-Aromatic Hydrocarbon Investigation
2.3.4.1. The presence of PAHs near the Pond 3 inlets are not indicative of the wastes
generated from operations conducted at HAFB. Therefore, further investigation was
necessary to determine the origin of the PAHs. The chemical analyses of the pond sediments
have identified the presence of PAHs, which are a known component of asphaltic materials.
Pond 3 receives drainage from several asphalt–paved parking lots and roads.

2.3.4.2. In order to determine if the PAHs present in Pond 3 are a result of asphalt particles
being transported to the pond through stormwater runoff, three soil samples from Soil
Borings U9-7661, U9-7665, and U9-7667 were sent to the Energy & Geoscience Institute (EGI)
for petrographic analyses. Petrographic analysis consists of dividing the soil sample into
thin sections and staining half with potassium feldspar, then using x-ray diffraction to
visually observe the characteristic features of the sample. Photomicrographs were taken of
each sample, showing the texture and mineralogy of the soil. The report generated from EGI
is provided in Appendix B.

2.3.4.3. It was concluded from the petrographic analyses that several constituents present
in the sediment are components of asphalt. As shown in the photomicrographs, “all three
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[samples] appear to contain a significant proportion of particles derived from asphalt
aggregate” (Appendix B). The three sediment samples are similar in texture, composition,
and mineralogy, and differ only in the proportion of coarse to fine material. The amorphous,
orange-brown material visible in the photomicrographs is asphalt binder and the particles
contained within this binder are pieces of asphalt aggregates. “The best evidence of this is
textural…the lack of grain sorting, presence of extremely angular rock fragments, and
cementation by the bituminous material suggests formation of these particle by non-
geologic processes” (Appendix B).

2.3.4.4. From this investigation, it is concluded that the PAHs present in the pond
sediments are components of asphalt particles, and therefore, will be excluded from the
removal action as part of this EE/CA. Although the elevated PAHs will be shown as
exceedances in Table 2-1 and in Figures 2-2, 2-2a, and 2-2b, when defining the area of
contamination to be removed as discussed in Section 2.5, the PAH-contaminated sediments
will be excluded from the delineation analysis.

2.4 Geology and Hydrogeology
2.4.0.1. The site characteristics and subsurface conditions for Pond 3 discussed in the
sections below were compiled from several remedial investigation documents and from
recent sampling events at Pond 3. The primary information resources were soil boring logs
from OU3 investigations, the OU3 RI (MW, 1995), and the Final Engineering/Cost Analysis for
the OU9 Pond 1 Remedial Action (CH2M HILL, 2002).

2.4.1 Hill Air Force Base Topography
2.4.1.1. HAFB is located on a delta terrace of the former Weber River Delta. The Wasatch
Mountain Range is located immediately east of HAFB and rises abruptly from the valley
floor to an elevation of over 9,500 feet mean sea level (MSL). The delta surface slopes to the
west away from the Wasatch Mountain Range and has slight to moderate relief with
elevations varying from approximately 5,045 feet MSL along the eastern boundary to
4,600 feet MSL along the western boundary of the Base. West of the Base, the terrace surface
slopes toward the Great Salt Lake. The Great Salt Lake is located approximately 12 miles
west of HAFB.

2.4.2 Pond 3 Geology
2.4.2.1. The near-surface geology underlying Pond 3 consists of a thin layer of pond
sediments overlying the Provo and Alpine Formations. The thickness of the sediment layer
varies throughout the pond with thicker sediments near the pond inlets. The pond
sediments are dark sands and silts with a high organic content. The sediments are derived
from materials washed into the storm drains. The organic content is from decaying plant
matter from plants that grow in the pond. The Provo and Alpine Formations are found
underlying the pond sediments. In this area, the younger Provo Formation overlies the
Alpine Formation and consists of medium to fine sands and thin layers of silty clay and
clay. The Alpine Formation is characterized by clay, silt, and fine sand. The most distinctive
lithology of the Alpine Formation is a slabby, salmon pink to reddish brown
well-consolidated clay. The contact between the Alpine and Provo Formations occurs
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beneath Pond 3 at an approximate depth of 60 feet bgs based on the boring log of
Monitoring Well U3-015. The Provo and Alpine formations were deposited with a westward
dip as the delta prograded west into Lake Bonneville from the mountain front. Fluctuations
of the lake level, variations in the entry point of the Weber River into Lake Bonneville, and
the depositional environments of these formations combined to produce a complex
stratigraphy beneath HAFB. This stratigraphy is characterized by interlaying lenticular,
laterally discontinuous gravel, sand, and clay beds.

2.4.3 Pond 3 Hydrogeology
2.4.3.1. A shallow groundwater system exists below the Pond 3 area at a depth of
approximately 50 to 60 feet bgs. The shallow water table is unconfined with
low-permeability clays of the Alpine Formation, forming a lower barrier or aquitard.
Numerous perched groundwater layers exist above the shallow water table; the layers are
formed by thin clay and silt layers within the Provo Formation. Groundwater recharge of
the shallow aquifer is probably from infiltration of precipitation, irrigation, pond seepage,
and from groundwater underflow from the east. The water from both Pond 1 and Pond 3
likely contributes to recharge of the shallow aquifer before flowing off-Base. Groundwater
in the shallow aquifer potentially discharges to low yield private wells, seeps, springs,
drains, and streams located off-Base to the south.

2.4.3.2. The drinking water aquifers in the area are located approximately 500 to 600 feet
bgs. Low-permeability clays of the Alpine Formation separate the shallow groundwater
aquifer from the artesian drinking water aquifers. The low permeability Alpine clays are
400 to 500 feet thick in this area.

2.5 Extent of Contamination

2.5.1 Introduction
2.5.1.1. The area of contamination coincides with the Pond 3 area as shown in Figures 2-2
and 2-3. The extent of contamination was determined by the analysis of soil samples from
77 sampling points located throughout the pond area. Most of the sample points were
concentrated near pond inlets with the exception of the area delineated with arsenic
contamination. The locations of the sampling points are presented in Figure 2-2.

2.5.2 Sources of Contaminants
2.5.2.1. The most likely source of the contamination found in the Pond 3 sediments is the
former storm drain system. Pond 1 and Berman Pond were used as the outfall for the Base
storm drain system until 1956, when the Industrial Wastewater Treatment Plant (IWTP) and
associated industrial sewer were constructed. The storm drain systems operated as the
industrial sewer until facility connections to the industrial sewer were completed during the
early 1960s. Pond 3 was connected to the storm drain system in 1957, receiving storm water
from Pond 1 and other industrial areas north of Pond 3. Sources of contamination during
this pre-industrial sewer period were from normal shop operations and spills in the
industrial area.
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2.5.2.2. As previously discussed in Section 2.3.4, the source of PAH contamination is the
asphalt particles transported from paved parking lots and roads to the pond sediments by
the storm drain system. The metal contamination may be contributed to the maintenance
operations conducted on Base prior to the installation of the Industrial Wastewater
Collection System (IWCS).

2.5.2.3. The arsenic contamination at Pond 3 is isolated near the south bank of the pond.
The storm drain system is not a definite source of arsenic contamination because an inlet or
outlet does not exist in close proximity to the arsenic-contaminated area. The arsenic source
may be due to the dumping of arsenic-contaminated waste, soil, debris, etc. into the pond
from the south bank. No record of any dumping in this area has been found. Due to this
uncertainty, the source of arsenic contamination cannot be confidently determined.

2.5.3 Types of Contaminants
2.5.3.1. The principal sediment contaminants at Pond 3 are PAHs and metals. The PAHs
are from asphalt particles transported from paved parking lots and roads through the storm
drain system to the pond. The metal contamination is indicative of the aircraft repair and
maintenance operations conducted on Base. The PAH-contaminated sediments are located
near the east and west pond inlets and the metal-contaminated sediments are concentrated
along the south bank, near the west end of the pond.

2.5.4 Contaminant Mobility
2.5.4.1. Contaminant mobility was evaluated in the Final Data Summary Report and
Preliminary Conceptual Model for Operable Unit 9 Investigation Areas (MW, 2000). The
evaluation indicated that arsenic and PAHs tend to adsorb to sediment particles and are
relatively immobile, limiting transport in groundwater and surface water. Based on the
depths of contamination, the contamination has not migrated an appreciable distance into
native materials. This provides further evidence that the contaminants are relatively
immobile. These compounds generally persist in the subsurface environment and are not
biodegradable. As identified by sampling and shown in Figure 2-3, the contaminant
concentrations that exceed background concentrations for arsenic are primarily limited to
the top 4 feet of sediments. Degradation processes that may affect these compounds occur at
very slow rates. Therefore, it appears that the contaminants found in Pond 3 are relatively
stable and immobile.

2.5.5 Risk-Based Screening Levels
2.5.5.1. The RBSLs used for comparison in this EE/CA are the residential RBSLs that were
derived in the Final Comprehensive Data Evaluation for the South Area of Operable Unit 9 Site
Inspection (OU9 SI) (CH2M HILL, 2001). The RBSLs were developed within the OU9 SI to
provide a standard to compare sediment and groundwater contamination levels throughout
HAFB. Background concentrations of metals were taken into account during the calculation
of the OU9 RBSLs. RBSLs were calculated for both residential and industrial applications.

2.5.5.2. For this EE/CA, the more stringent residential RBSLs have been used. Although in
this case, the residential RBSL of 9.76 mg/kg is equivalent to the industrial RBSL and
background level for arsenic. Depending on the selected removal alternative, the use of
residential RBSLs potentially allows for site closure and unrestricted development. With the
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closure of the pond, the Air Force would not continue managing the area and would not be
restricted in future use of the land. All removal alternatives utilize the residential RBSLs
when identifying the extent of contamination to be remediated or removed. Not all the
remedial alternatives discussed in this EE/CA will conclude in site closure of the pond.

2.5.5.3. After comparing Pond 3 sediment contaminants to the OU9 residential RBSLs,
several exceedances were observed. These exceedances were due to elevated levels of PAHs,
arsenic, cadmium, lead, and Deldrin. As previously discussed PAHs are indicative of
asphalt particles transported to the pond by storm water, therefore the PAHs are not
considered a Chemical of Concern (COC) for this EE/CA and will be neglected when
developing the removal action alternatives. As stated in Section 2.3.2, the elevated levels of
cadmium and lead at Soil Boring U9-7667 are assumed to be elevated background levels.
The elevated level of Deldrin at the same location is assumed to be isolated to this location
only and is not considered a Chemical of Concern (COC). All sediment samples that
exceeded the residential RBSLs are summarized in Table 2-1.

2.6 Contaminated Sediment Identification and Disposal Options

2.6.1 Contaminated Sediment Identification
2.6.1.1. The first step in calculating the estimated volume of sediment that requires
removal or remediation consisted of plotting the sediment sample locations on a map of the
pond area. The sediment samples that exceeded residential RBSLs were distinguished from
the samples that did not exceed residential RBSLs (Figure 2-2). In order to delineate the
areas requiring remediation, boundaries were drawn around clusters of sediment samples
that exceeded residential RBSLs for arsenic only. Samples that did not exceed residential
RBSLs for arsenic were used to establish a removal boundary. As shown in Figure 2-3, four
areas were defined as areas requiring remediation.

2.6.1.2. Once removal boundaries were established, the square footage of the area was
calculated. In order to determine the volume of soil, a depth of removal was needed. The
removal depth was based on the analysis of the contamination levels with respect to depth.
A series of cross sections drawn with the location of each of the sample points was plotted
along with the depth of each individual sample. The cross section locations are shown in
Figure 2-3. The cross sections are presented in Figure 2-4. Only the exploration points that
were significant in defining the contamination boundaries are presented in the cross
sections. The samples with contamination levels above residential RBSLs are plotted in red.
All other samples are plotted in blue. The cross sections show that nearly all of the sample
points that exceed residential RBSLs for arsenic are shallow, 0 to 4 feet bgs. The clean
samples below the removal areas were used as a reference point when identifying the
excavation depth for the area. For example, if a sample taken at 0 to 2 feet exceeded
background levels for arsenic, but the sample taken at 2 to 4 feet at the sample location did
not exceed the background level, the remedial boundary was set at 2 feet. The vertical extent
of the remedial boundary for Area 1 is 2 feet bgs, Area 2 is 2 to 4 feet bgs, Area 3 is 2 to 4 feet
bgs, and Area 4 is 1 foot bgs. The vertical extent, estimated surface area, and volume of each
sediment removal area are presented in Table 2-3. The information in Table 2-3 was used in
estimating the cost of each remedial alternative presented in Section 3.0.
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2.6.2 Confirmation Sampling
2.6.2.1. Confirmation sampling is required for complete closure of Pond 3. If the
confirmation sampling results are below residential RBSLs, no further action will be
required and the site will be considered closed upon receiving regulatory approval. If the
results continue to exceed residential RBSLs, further removal/remediation would be
needed. Details of the proposed confirmation sampling are included in Pond 3 Alternatives
Descriptions, Section 4.2.

2.6.3 Disposal Regulations
2.6.3.1. The sediments that are identified as exceeding the residential RBSLs will be
excavated, classified, and disposed of in accordance with the ARARs that are identified in
Appendix C as part of Alternatives 2 and/or 3. The first step in classifying the sediment is to
determine whether the sediment contains a hazardous waste regulated under the Resource,
Conservation, and Recovery Act (RCRA). This is known as the “Contained In” Policy. This
policy states that environmental media such as soil are not, of themselves, hazardous
wastes. However, they become subject to RCRA as a hazardous waste if the media exhibits a
hazardous waste characteristic (40 CFR 261, Subpart C), or if they contain a listed hazardous
waste identified in 40 CFR 261, Subpart D. If the media is classified as a hazardous waste
under 40 CFR 261, they will be managed as such for treatment and disposal. It is assumed
that the environmental media at Pond 3 do not contain a listed hazardous waste.

2.6.3.2. The CERCLA Off-Site Rule requires that hazardous substances, pollutants or
contaminants transferred off-site for treatment, storage or disposal during a CERCLA
response action be transferred to a facility operating in compliance with 3004 and 3005 of
RCRA and other applicable laws or regulations. The contaminated media at Pond 3 will
only be transported to a RCRA-approved facility. In order to be compliant with this rule
(40 CFR 300.440), HAFB will obtain EPA approval prior to sending Pond 3 contaminated
media to a disposal facility. EPA will determine the acceptability of the selected disposal
facility under RCRA and other applicable laws or regulations.

2.6.3.3. Disposal Options. If the sediment is classified as a hazardous waste and removed for
offsite disposal, it will be transported to a permitted RCRA Subtitle C facility for treatment
and/or disposal. The hazardous sediment is also subject to the RCRA Land Disposal
Restriction (LDR) program unless the sediment is managed or disposed in a Corrective
Action Management Unit (CAMU). Under the LDR program, it must be determined
whether the sediment meets specific treatment standards for each hazardous waste
characteristic prior to offsite land disposal. The LDR program also requires the identification
of any underlying hazardous constituent that could reasonably be expected in a
characteristic hazardous waste (i.e., hazardous sediment). For both the toxicity characteristic
and the underlying hazardous constituents, the sediments need only be treated to ten times
the universal treatment standards (UTS) or reduce the contaminant concentration by
90 percent, whichever is greater (40 CFR 268.49), prior to disposal.

2.6.3.4. Prior to offsite treatment or disposal of sediments, a representative sample will be
taken of the sediments and analyzed for all potential contaminants. The analytical results
will be compared to ten times the UTS for each contaminant and disposal options will be
determined. The UTS for each contaminant and disposal options will be determined. The



POND 3 ENGINEERING EVALUATION/COST ANALYSIS REPORT

P:\HILLAFB\POND 3 EECA\FINAL REPORT\POND 3 EECA FINAL REPORT V1.DOC2-10

UTS for arsenic is 5 milligram per liter, determined using the Toxic Characteristic Leaching
Procedure (TCLP).

2.6.3.5. The treatment cell in Alternative 3 will be considered a CAMU. The CAMU will
remain within the Pond 3 boundary, therefore LDRs will not be triggered during excavation
and disposal of the hazardous sediments into the treatment cell.

2.6.3.6. In summary, sediments excavated for offsite treatment or disposal that contain a
hazardous waste will be sent to a Subtitle C facility. Excavated sediment that does not
contain hazardous waste and is not otherwise prohibited from land disposal may be
disposed offsite at a Subtitle D facility. For this EE/CA, it is assumed that any sediment
removed for offsite disposal (Alternative 2), will be sent directly to a Subtitle D facility,
Subtitle C facility, or stabilized and disposed at a Subtitle C facility.
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TABLE 2-2
Pond 3 Samples Exceeding Arsenic Background Level of 9.76 mg/kg

Location Date Collected Depth (feet bgs)
Arsenic Concentration

(mg/kg)

U9-P3-709 10/11/00 0-1 115

U9-P3-709 10/11/00 2-3 22.5 J

U9-7644 10/17/01 0-1 13.1 B

U9-7652 3/5/02 0-0.5 89.4

U9-7653 3/5/02 0-0.5 22.5 J

U9-7817 9/20/02 2-4 11.2

U9-7818 9/24/02 0-2 116.6

U9-7822 9/20/02 2-4 12.2

U9-7831 9/20/02 0-2 35.4

U9-7823 9/20/02 0-2 12.9

U9-7842 12/6/02 0-2 11.6

U9-7847 12/6/02 0-2 47.7

U9-7849 12/6/02 0-2 12.2

U9-7852 12/6/02 0-2 24.6

U9-7860 12/6/02 0-2 14.7

Notes:
J = Estimated Value
B = Analyte is detected in an associated blank
bgs = below the ground surface
mg/kg = milligrams per kilogram
ppm = parts per million

TABLE 2-3
Contaminated Sediment Volume Estimates

Contaminated
Sediment Area

Area
(ft2)

Remediation Depth
(ft bgs)

Total Volume of Excavated
Sediment (cy)

1 338 2 25

2 843 2 63

289 4 43

3 183 2 14

204 4 30

4 180 1 7

Totals 2,037 182 � 200 cy

ft2 = square feet
ft bgs = feet below the ground surface
cy = cubic yards



\\S
lc

db
\G

IS
\H

A
F

B
\O

U
_0

9\
P

on
d-

3\
M

ap
_D

oc
um

en
ts

\fi
gu

re
2-

1.
m

xd
;0

2-
06

-0
2;

nd
s

U
T

A
H

S
o

ut
h

W
eb

er
S

o
ut

h
W

eb
er

C
le

ar
fi

el
d

C
le

ar
fi

el
dS
u

ns
et

S
u

ns
et

La
yt

o
n

La
yt

o
n

R
o

y
R

o
y

C
lin

to
n

C
lin

to
n

W
E

B
E

R
C

O
U

N
T

Y
W

E
B

E
R

C
O

U
N

T
Y

D
A

V
IS

C
O

U
N

T
Y

D
A

V
IS

C
O

U
N

T
Y

H
IL

L
A

IR
FO

R
C

E
B

A
S

E
H

IL
L

A
IR

FO
R

C
E

B
A

S
E

R
iv

er
d

al
e

R
iv

er
d

al
e

84

15

P
O

N
D

3
E

E
/C

A
P

O
N

D
3

R
E

G
IO

N
A

L
L

O
C

A
T

IO
N

M
A

P

0
2,

0
00

4,
0

00
6,

0
00

8,
0

00
F

ee
t

0
0.

5
1

1.
5

M
ile

s

W
es

t
P

o
in

t
W

es
t

P
o

in
t

S
yr

ac
u

se
S

yr
ac

u
se

H
w

y
89

to
O

g
de

n

P
o

n
d

3
P

o
n

d
1

F
IG

U
R

E
2-

1

H
IL

L
A

IR
F

O
R

C
E

B
A

S
E

,U
T

A
H



\\S
lc

db
\G

IS
\H

A
F

B
\O

U
_0

9\
P

on
d-

3\
M

ap
_D

oc
um

en
ts

\fi
gu

re
2-

2.
m

xd
;0

2-
06

-0
3;

nd
s

H
IL

L
A

IR
F

O
R

C
E

B
A

S
E

,U
T

A
H

P
O

N
D

3
E

X
P

L
O

R
A

T
IO

N
P

O
IN

T
L

O
C

A
T

IO
N

M
A

P
F

IG
U

R
E

2-
2

P
O

N
D

3
E

E
/C

A

F
IG

U
R

E
2-

2a

F
IG

U
R

E
2-

2b

0
10

0
20

0
30

0
F

ee
t

LE
G

E
N

D

H
A

F
B

B
O

U
N

D
A

R
Y

P
O

N
D

3

A
B

O
V

E
R

E
S

ID
E

N
T

IA
L

R
B

S
L

B
E

LO
W

R
E

S
ID

E
N

T
IA

L
R

B
S

L



\\S
lc

db
\G

IS
\H

A
F

B
\O

U
_0

9\
P

on
d-

3\
M

ap
_D

oc
um

en
ts

\fi
gu

re
2-

2a
.m

xd
;0

2-
06

-0
3;

nd
s

In
le

t

U
9-

76
67

C
ad

m
iu

m
=

6.
2

m
g

/k
g

0-
2

ft
.)

L
ea

d
=

42
2

m
g

/k
g

(0
-2

ft
.)

D
ie

ld
ri

n
=

0.
05

8
m

g
/k

g
(0

-2
ft

.)
B

en
zo

(a
)

P
yr

en
e

=
0.

52
6

m
g

/k
g

(0
-2

ft
.)

In
le

t

In
le

t

U
9-

78
58

U
9-

78
57

U9-7851

U9-7850

U
9-

78
13

U
9-

78
01

U
9-

76
46

U
9-

76
68

U
9-

76
66

U
9-

76
63

U
9-

P
3-

70
8

U
9-

P
3-

70
7

U
9-

P
3-

70
6

U
9-

78
59

U
9-

78
56

U
9-

78
55

U
9-

78
54

U
9-

78
53

U9-7848
U

9-
78

45

U
9-

78
44

U
9-

78
43

U
9-

78
39

U
9-

78
40

U9-7808

U
9-

78
36

U
9-

78
35

U9-
78

32

U9-
78

30

U9-7828

U
9-

78
27

U9-
78

26
U9-

78
25

U9-
78

21 U9-
78

20

U9-
78

16

U9-
78

15

U
9-

78
12

U
9-

78
11

U
9-

78
07

U9
-7

80
3

U
9-

77
99U9-

76
45

U
9-

76
62

B
en

zo
(a

)
P

yr
en

e
=

0.
2

m
g

/k
g

(0
-2

ft
.)

U
9-

76
65

B
en

zo
(a

)
P

yr
en

e
=

0.
20

6
m

g
/k

g
(0

-2
ft

.)

U
9-

76
64

B
en

zo
(a

)
P

yr
en

e
=

0.
09

4
m

g
/k

g
(0

-2
ft

.)

U
9-

76
61

B
en

zo
(a

)
A

n
th

ra
ce

n
e

=
5.

3
m

g
/k

g
(2

-4
ft

.)
B

en
zo

(a
)

P
yr

en
e

=
5.

12
m

g
/k

g
(2

-4
ft

.)
B

en
zo

(b
)

F
lu

o
ra

n
th

en
e

=
7.

01
m

g
/k

g
(2

-4
ft

.)
B

en
zo

(g
,h

,l)
P

er
yl

en
e

=
2.

62
m

g
/k

g
(2

-4
ft

.)
D

ib
en

zo
(a

,h
)

A
n

th
ra

ce
n

e
=

0.
64

9
m

g
/k

g
(2

-4
ft

.)
In

d
en

o
(1

,2
,3

-c
,d

)
P

yr
en

e
=

3.
04

m
g

/k
g

(2
-4

ft
.)

U
9-

78
60

A
rs

en
ic

=
14

.7
m

g
/k

g
(0

-2
ft

.)

U
9-

78
52

A
rs

en
ic

=
24

.6
m

g
/k

g
(0

-2
ft

.)

U
9-

78
49

A
rs

en
ic

=
12

.2
m

g
/k

g
(0

-2
ft

.)

U
9-

78
47

A
rs

en
ic

=
47

.2
m

g
/k

g
(0

-2
ft

.)U9
-7

84
6

U
9-

78
42

A
rs

en
ic

=
11

.6
m

g
/k

g
(0

-2
ft

.)

U
9-

78
23

A
rs

en
ic

=
12

.9
m

g
/k

g
(0

-2
ft

.)

U
9-

78
31

A
rs

en
ic

=
35

.4
m

g
/k

g
(0

-2
ft

.)

U
9-

78
22

A
rs

en
ic

=
12

.2
m

g
/k

g
(2

-4
ft

.)

U
9-

78
17

A
rs

en
ic

=
11

.2
m

g
/k

g
(2

-4
ft

.)

U
9-

76
44

A
rs

en
ic

=
13

.1
m

g
/k

g
(0

-1
ft

.) U
9-

78
18

A
rs

en
ic

=
11

6.
6

m
g

/k
g

(0
-2

ft
.)

U
9-

76
53

A
rs

en
ic

=
22

.5
m

g
/k

g
(0

-0
.5

ft
.)

U
9-

76
52

A
rs

en
ic

=
89

.4
m

g
/k

g
(0

-0
.5

ft
.)

U
9-

P
3-

70
9

A
rs

en
ic

=
11

5
m

g
/k

g
(0

-1
ft

.)
A

rs
en

ic
=

26
.8

m
g

/k
g

(2
-3

ft
.)

80
0

80
4

H
IL

L
A

IR
F

O
R

C
E

B
A

S
E

,U
T

A
H

P
O

N
D

3
E

X
P

L
O

R
A

T
IO

N
P

O
IN

T
L

O
C

A
T

IO
N

M
A

P
A

N
D

R
E

S
ID

E
N

T
IA

L
R

B
S

L
E

X
C

E
E

D
A

N
C

E
R

E
S

U
L

T
S

F
IG

U
R

E
2-

2a

P
O

N
D

3
E

E
/C

A

0
50

10
0

15
0

F
ee

t

Co
nt

am
in

an
t

Re
si

de
nt

ia
lR

BS
L

Un
its

Ar
se

ni
c

*9
.7

6
m

g/
kg

Be
nz

o(
a)

An
th

ra
ce

ne
0.

88
m

g/
kg

Be
nz

o(
a)

Py
re

ne
0.

08
8

m
g/

kg
Be

nz
o(

b)
Fl

uo
ra

nt
he

ne
0.

88
m

g/
kg

Be
nz

o(
g,

h,
I)

Pe
ry

le
ne

0.
88

m
g/

kg
Ca

dm
iu

m
*3

.5
8

m
g/

kg
Di

be
nz

o(
a,

h)
An

th
ra

ce
ne

0.
08

8
m

g/
kg

Di
el

dr
in

0.
04

m
g/

kg
In

de
no

(1
,2

,3
-c

,d
)P

yr
en

e
0.

88
m

g/
kg

Le
ad

40
0

m
g/

kg
*B

ac
kg

ro
un

d
Co

nc
en

tra
tio

n

RE
SI

DE
NT

IA
L

AC
TI

O
N

LE
VE

LS

LE
G

E
N

D

C
on

ta
m

in
an

t=
L

ev
el

(S
am

p
le

D
e

pt
h)

A
B

O
V

E
R

E
S

ID
E

N
T

IA
L

R
B

S
L

B
E

LO
W

R
E

S
ID

E
N

T
IA

L
R

B
S

L

A
P

P
R

O
X

IM
A

T
E

LO
C

A
T

IO
N

O
F

IN
LE

T
S

P
O

N
D

3



\\S
lc

db
\G

IS
\H

A
F

B
\O

U
_0

9\
P

on
d-

3\
M

ap
_D

oc
um

en
ts

\fi
gu

re
2-

2b
.m

xd
;0

2-
06

-0
3;

nd
s

U
9-

76
49

B
en

zo
(a

)
A

n
th

ra
ce

n
e

=
2.

24
m

g
/k

g
(0

-2
ft

.)
B

en
zo

(a
)

P
yr

en
e

=
2.

45
m

g
/k

g
(0

-2
ft

.)
B

en
zo

(b
)

F
lu

o
ra

n
th

en
e

=
3.

37
m

g
/k

g
(0

-2
ft

.)
B

en
zo

(g
,h

,l)
P

er
yl

en
e

=
1.

55
m

g
/k

g
(0

-2
ft

.)
In

d
en

o
(1

,2
,3

-c
,d

)
P

yr
en

e
=

1.
65

m
g

/k
g

(0
-2

ft
.)

In
le

t

In
le

t In
le

t

O
u

tl
et

U
9-

76
48

U
9-

76
69

U
9-

P
3-

70
5

U
9-

P
3-

70
4

U
9-

P
3-

70
2

U
9-

P
3-

70
3

U
9-

76
55

U
9-

P
3-

70
1

U
9-

76
59

B
en

zo
(a

)
P

yr
en

e
=

0.
15

6
m

g
/k

g
(1

.5
-2

ft
.)

U
9-

76
50

B
en

zo
(a

)
P

yr
en

e
=

0.
94

9
m

g
/k

g
(0

-2
ft

.)
B

en
zo

(b
)

F
lu

o
ra

n
th

en
e

=
1.

28
m

g
/k

g
(0

-2
ft

.)

U
9-

76
57

B
en

zo
(a

)
P

ry
en

e
=

0.
14

m
g

/k
g

(0
-0

.5
ft

.)

U
9-

76
56

B
en

zo
(a

)
P

yr
en

e
=

0.
28

3
m

g
/k

g
(0

-0
.5

ft
.)

U
9-

P
3-

70
0

B
en

zo
(a

)
P

yr
en

e
=

0.
5

m
g

/k
g

(1
-2

ft
.)

48
0

H
IL

L
A

IR
F

O
R

C
E

B
A

S
E

,U
T

A
H

P
O

N
D

3
E

X
P

L
O

R
A

T
IO

N
P

O
IN

T
L

O
C

A
T

IO
N

M
A

P
A

N
D

R
E

S
ID

E
N

T
IA

L
R

B
S

L
E

X
C

E
E

D
A

N
C

E
R

E
S

U
L

T
S

F
IG

U
R

E
2-

2b

P
O

N
D

3
E

E
/C

A

0
25

50
75

10
0

F
ee

t

Co
nt

am
in

an
t

Re
si

de
nt

ia
lR

BS
L

Un
its

Ar
se

ni
c

*9
.7

6
m

g/
kg

Be
nz

o(
a)

An
th

ra
ce

ne
0.

88
m

g/
kg

Be
nz

o(
a)

Py
re

ne
0.

08
8

m
g/

kg
Be

nz
o(

b)
Fl

uo
ra

nt
he

ne
0.

88
m

g/
kg

Be
nz

o(
g,

h,
I)

Pe
ry

le
ne

0.
88

m
g/

kg
Ca

dm
iu

m
*3

.5
8

m
g/

kg
Di

be
nz

o(
a,

h)
An

th
ra

ce
ne

0.
08

8
m

g/
kg

Di
el

dr
in

0.
04

m
g/

kg
In

de
no

(1
,2

,3
-c

,d
)P

yr
en

e
0.

88
m

g/
kg

Le
ad

40
0

m
g/

kg
*B

ac
kg

ro
un

d
Co

nc
en

tra
tio

n

RE
SI

DE
NT

IA
L

AC
TI

O
N

LE
VE

LS

LE
G

E
N

D

H
A

F
B

B
O

U
N

D
A

R
Y

C
on

ta
m

in
an

t=
L

ev
el

(S
am

p
le

D
e

pt
h)

A
B

O
V

E
R

E
S

ID
E

N
T

IA
L

R
B

S
L

B
E

LO
W

R
E

S
ID

E
N

T
IA

L
R

B
S

L

P
O

N
D

3

A
P

P
R

O
X

IM
A

T
E

LO
C

A
T

IO
N

O
F

IN
LE

T
S

A
N

D
O

U
T

LE
T



\\S
lc

db
\G

IS
\H

A
F

B
\O

U
_0

9\
P

on
d-

3\
M

ap
_D

oc
um

en
ts

\fi
gu

re
2-

3.
m

xd
;0

2-
06

-0
3;

nd
s

A
'

B
'

U
9-

78
60

U
9-

77
99

U
9-

78
47

U
9-

78
46

U
9-

78
42

U
9-

78
31

U
9-

78
22

U
9-

78
17

U
9-

76
44

U
9-

76
52

U
9-

P
3-

70
9

U
9-

78
56

U
9-

78
54

U
9-

78
53

U
9-

78
50

U
9-

78
44

U
9-

78
43

U
9-

78
08

U
9-

78
35

U
9-

78
28

U
9-

78
27

U
9-

78
21

U
9-

78
12

U
9-

78
07

U
9-

76
46

U
9-

78
49

U
9-

78
18

U
9-

78
01

A
re

a
2

R
em

ed
ia

te
0-

2
ft

.b
el

o
w

g
ro

u
n

d
su

rf
ac

e

A
re

a
1

R
em

ed
ia

te
0-

2
ft

.b
el

o
w

g
ro

u
n

d
su

rf
ac

e

A
re

a
2

R
em

ed
ia

te
0-

4
ft

.b
el

o
w

g
ro

u
n

d
su

rf
ac

e

A
re

a
3

R
em

ed
ia

te
0-

4
ft

.b
el

o
w

g
ro

u
n

d
su

rf
ac

e

A
re

a
3

R
em

ed
ia

te
0-

2
ft

.b
el

o
w

g
ro

u
n

d
su

rf
ac

e

A
re

a
4

R
em

ed
ia

te
0-

1
ft

.b
el

o
w

g
ro

u
n

d
su

rf
ac

e

A

B

H
IL

L
A

IR
F

O
R

C
E

B
A

S
E

,U
T

A
H

C
O

N
T

A
M

IN
A

T
E

D
S

E
D

IM
E

N
T

A
R

E
A

S
A

N
D

C
R

O
S

S
-S

E
C

T
IO

N
P

O
IN

T
S

A
N

D
L

O
C

A
T

IO
N

S
F

IG
U

R
E

2-
3

P
O

N
D

3
E

E
/C

A

20
0

20
F

ee
t

N
O

T
E

:
L

ab
el

ed
sa

m
p

le
p

oi
nt

s
ar

e
in

cl
ud

ed
in

cr
os

s-
se

ct
io

ns
.

LE
G

E
N

D

P
O

N
D

3

C
O

N
T

A
M

IN
A

T
E

D
A

R
E

A
B

O
U

N
D

A
R

Y

C
R

O
S

S
-S

E
C

T
IO

N
(S

ho
w

n
on

F
ig

ur
e

2-
4)

A
B

O
V

E
R

E
S

ID
E

N
T

IA
L

R
B

S
L

B
E

LO
W

R
E

S
ID

E
N

T
IA

L
R

B
S

L



\\Slcdb\GIS\HAFB\OU_09\Pond-3\Figures\cross-sections.ai; 02-06-03; nds

HILL AIR FORCE BASE, UTAH

POND 3 CROSS-SECTIONS
FIGURE 2-4

POND 3 EE/CA

EXCAVATION LIMIT

APPROXIMATE GROUND
SURFACE

BELOW RESIDENTIAL RBSL

ABOVE RESIDENTIAL RBSL

LEGEND

NOT TO SCALE

4696'

4697'

4698'

4699'

4700'

4701'

4702'

4703'

4704'

B'

4696'

4697'

4698'

4699'

4700'

4701'

4702'

4703'

4704'

B

U
9-

78
46

U
9-

78
31

U
9-

78
17

U
9-

76
52

U
9-

P
3-

70
9

U
9-

78
56

U
9-

78
54

U
9-

78
53

U
9-

78
35

U
9-

78
27

U
9-

78
21

U
9-

78
12

4696'

4697'

4698'

4699'

4700'

4701'

4702'

4703'

4704'

A'

4696'

4697'

4698'

4699'

4700'

4701'

4702'

4703'

4704'

A

U
9-

78
60

U
9-

78
49

U
9-

78
47

U
9-

78
42

U
9-

78
22

U
9-

78
18

U
9-

76
44

U
9-

78
50

U
9-

78
43

U
9-

78
08

U
9-

78
28

U
9-

78
07

U
9-

78
01

U
9-

77
99

U
9-

76
46



P:\HILLAFB\POND 3 EECA\FINAL REPORT\POND 3 EECA FINAL REPORT V1.DOC 3-1

3.0 Removal Action Objectives and Scope

3.1 Objectives

3.1.1 Introduction
3.1.1.1. The overall Removal Action Objective for Pond 3 is to minimize the threat of

human and environmental exposure to contaminated pond sediments.

3.1.2 Specific Objectives
3.1.2.1. Excavation/extraction and/or remediation of contaminated pond sediments in the
prescribed areas will eliminate the possibility of human or environmental exposure in the
Pond 3 area.

3.2 Scope of the Removal Action
3.2.0.1. The scope of the removal action includes the removal and/or remediation of the
contaminated sediments. The removal alternatives include:

• No action
• Sediment removal and disposal at an off-site landfill
• Phytoremediation through metal extraction in a lined treatment cell

3.2.0.2. Sediment removal and disposal at an off-site landfill involves excavating the
defined contaminated areas, confirmation sampling, and transport and disposal of the
contaminated sediments at an approved facility. Both the no action and phytoremediation
alternatives will require long-term management, as opposed to removal and off-site
disposal which closes the site to further action. However, the phytoremediation alternative
does have the potential to remediate the sediments to acceptable concentration levels that
could eventually lead to site closure.

3.3 Applicable or Relevant and Appropriate Requirements
3.3.0.1. The requirements in Section 121 of CERCLA generally apply only to final remedial
actions. However, when a removal action involves the transfer of a hazardous substance,
pollutant, or contaminant off-site, the National Oil and Hazardous Substances Pollution and
Contingency Plan (NCP) requires that ARARs be identified and complied with to the
greatest extent practicable pursuant to CERCLA Sections 104 and 106 [40 CFR 300.415(i)].
Removal actions must also, to the extent practicable, contribute to the efficient performance
of any anticipated long-term remedial action [40 CFR 300.415(c)]. Therefore, to the extent
practicable, the removal actions included in this EE/CA will comply with ARARs.

3.3.0.2. A waiver for these requirements may be invoked under 40 CFR 300.430(f)(1)(ii)
(C)(1) of the NCP. An alternative that does not meet an ARAR under federal environmental,



POND 3 ENGINEERING EVALUATION/COST ANALYSIS REPORT

P:\HILLAFB\POND 3 EECA\FINAL REPORT\POND 3 EECA FINAL REPORT V1.DOC3-2

state environmental, or facility siting laws may be selected when the alternative is an
interim measure and will become part of a total remedial action that will attain the state or
federal ARAR. Any ARARs waived for interim remedial actions must be re-examined in the
final remedial action.

3.3.0.3. According to EPA guidance, Superfund Removal Procedures: Guidance on the
Consideration of ARARs During Removal Actions (EPA, 1991), the following three types of
ARARs exist:

• Chemical-specific ARARs set levels that are protective of human health and the
environment for the COCs in the designated media, or set acceptable levels of discharge

• Location-specific ARARs set limits on activities based on the site location or other
characteristics

• Action-specific ARARs establish controls on site activities that are part of removal
solutions

3.3.0.4. A summary of all federal and state chemical-, location-, and action-specific ARARs
identified for potential removal actions at Pond 3 is included in Appendix C.
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4.0 Engineering Evaluation/Cost Analysis of
Alternatives

4.1 Introduction
4.1.0.1. The detailed analysis of alternatives presents the relevant information needed to
compare the removal alternatives assembled for Pond 3. The detailed analysis of
alternatives follows the development and screening of alternatives, and precedes the
selection of a final remedy. The extent to which alternatives are evaluated during the
detailed analysis is influenced by the available data and the number and types of
alternatives being analyzed.

4.1.0.2. Detailed analysis of alternatives consists of the following components:

• A detailed evaluation of each alternative against seven evaluation criteria

• A comparative analysis of the alternatives to assess the relative performance of each
alternative with respect to each of the seven evaluation criteria.

4.1.1 Evaluation Criteria
4.1.1.1. In accordance with the NCP, remedial actions must:

• Be protective of human health and the environment

• Attain ARARs or provide grounds for invoking a waiver of ARARs that cannot be
achieved

• Be cost-effective

• Utilize permanent solutions and alternative treatment technologies or resource-recovery
technologies to the maximum extent practicable

• Satisfy the preference for treatment that reduces toxicity, mobility, or volume (TMV) as a
principal element, or provide an explanation of why it does not

4.1.1.2. In addition, the NCP emphasizes long-term effectiveness and related
considerations including:

• The long-term uncertainties associated with land disposal

• The goals, objectives, and requirements of the Solid Waste Disposal Act

• The persistence, toxicity, and mobility of hazardous substances and their constituents
and their propensity to bio-accumulate

• The short- and long-term potential for adverse health effects from human exposure

• Long-term maintenance costs
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• The potential for future remedial action costs if the selected remedial action fails

• The potential threat to human health and the environment associated with excavation,
transportation, disposal, or containment

4.1.1.3. Provisions of the NCP require each alternative to be evaluated against the nine
criteria listed in 40 CFR 300.430(e)(9). These criteria were published in the March 8, 1990
Federal Register (55 FR 8666), to provide grounds for comparing the relative performance of
the alternatives and to identify their advantages and disadvantages. This approach is
intended to provide sufficient information to adequately compare the alternatives and to
eventually select the most appropriate alternative for implementation at the site as a
remedial action. The evaluation criteria are:

• Overall protection of human health and the environment
• Compliance with ARARs
• Long-term effectiveness and permanence
• Reduction of TMV through treatment
• Short-term effectiveness
• Implementability
• Cost
• State acceptance
• Community acceptance

4.1.1.4. The nine criteria are divided into three groups: threshold, balancing, and
modifying criteria. Threshold criteria must be met by a particular alternative for it to be
eligible for selection as a remedial action. There is little flexibility in meeting the threshold
criteria; either they are met by a particular alternative, or that alternative is not considered
acceptable. The two threshold criteria are overall protection of human health and the
environment, and compliance with ARARs. If ARARs cannot be met, a waiver may be
obtained in situations where one of the six exceptions listed in the NCP occurs [see
40 CFR 300.430 (f)(1)(ii)(C)(1 to 6)].

4.1.1.5. Unlike the threshold criteria, the five balancing criteria weigh the trade-offs
between alternatives. A low rating on one balancing criterion can be compensated by a high
rating on another. The five balancing criteria are: long-term effectiveness and permanence,
reduction of TMV through treatment, short-term effectiveness, implementability, and cost.
The two modifying criteria are state acceptance and community acceptance. All nine
evaluation criteria are briefly described below.

4.1.1.6. Threshold Criteria. To be eligible for selection, an alternative must meet the two
threshold criteria described below, or in the case of ARARs, must justify why a waiver is
appropriate.

• Overall Protection of Human Health and the Environment. Protectiveness is the primary
requirement that remedial actions must meet under CERCLA. A remedy is protective if
it adequately eliminates, reduces, or controls all current and potential risks posed by the
site through each exposure pathway. The assessment against this criterion describes
how the alternative achieves and maintains protection of human health and the
environment.
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• Compliance with ARARs. Compliance with ARARs is one of the statutory requirements of
remedy selection. ARARs are cleanup standards, standards of control, and other
substantive environmental statutes or regulations which are either “applicable” or
“relevant and appropriate” to the CERCLA cleanup action [42 USC 9621 (d) (2)].
“Applicable” requirements address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance at a CERCLA site. “Relevant and
appropriate” requirements are those that, although not “applicable”, address problems
or situations sufficiently similar to those encountered at the CERCLA site that their use
is well suited to environmental or technical factors at a particular site. The assessment
against this criterion describes how the alternative complies with ARARs or presents the
rationale for waiving an ARAR. ARARs can be grouped into three categories:

− Chemical-Specific. ARARs are health- or risk-based numerical values or
methodologies which, when applied to site-specific conditions, establish the amount
or concentration of a chemical that may remain in or be discharged to the
environment.

− Location-Specific. ARARs restrict the concentration of hazardous substances or the
conduct of activities solely because they are in specific locations, such as flood plains,
wetlands, historic places, and sensitive ecosystems or habitats.

− Action-Specific. ARARs include technology- or activity-based requirements that set
controls, limits, or restrictions on the design performance of remedial actions or
management of hazardous constituents.

4.1.1.7. Appendix C presents a compilation of all the state and federal chemical-specific,
location-specific, and action-specific ARARs considered for Pond 3.

4.1.1.8. Balancing Criteria. The five criteria listed below represent the criteria upon which the
detailed evaluation and comparative analysis of alternatives is based.

• Long-Term Effectiveness and Permanence. This criterion reflects CERCLA's emphasis on
implementing remedies that will ensure protection of human health and the
environment in the long term as well as in the short term. The assessment of alternatives
against this criterion evaluates the residual risks at a site after completing a remedial
action or enacting a no action alternative and includes evaluation of the adequacy and
reliability of controls.

• Reduction of TMV through Treatment. This criterion addresses the statutory preference for
remedies that employ treatment as a principal element. The assessment against this
criterion evaluates the anticipated performance of the specific treatment technologies
that an alternative may employ. The criteria is specific to evaluating only how treatment
reduces TMV and does not address containment actions such as capping.

• Short-Term Effectiveness. This criterion addresses short-term impacts of the alternatives.
The assessment against this criterion examines the effectiveness of alternatives in
protecting human health and the environment (i.e., minimizing any risks associated
with an alternative) during the construction and implementation of a remedy until the
response objectives have been met.
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• Implementability. The assessment against this criterion evaluates the technical and
administrative feasibility of the alternative and the availability of the goods and services
needed to implement it.

• Cost. Cost encompasses all engineering, construction, and operation and maintenance
(O&M) costs incurred over the life of the project. The assessment against this criterion is
based on the estimated present worth of these costs for each alternative. Present worth is
a method of evaluating expenditures, such as construction and O&M that occur over
different lengths of time. This allows costs for remedial alternatives to be compared by
discounting all costs to the year that the alternative is implemented. The present worth
of a project represents the amount of money, which, if invested in the initial year of the
remedy and disbursed as needed, would be sufficient to cover all costs associated with
the remedial action. As stated in the Guidance for Conducting Remedial Investigations and
Feasibility Studies under CERCLA, Interim Final (RI/FS Guidance) (EPA, 1988), these
estimated costs are expected to provide an accuracy of plus 50 percent to minus
30 percent. Appendix D provides a breakdown of the cost estimate for each of the
alternatives.

4.1.1.9. The level of detail required to analyze each alternative against these evaluation
criteria depends on the nature and complexity of the site, the types of technologies and
alternatives being considered, and other project-specific considerations. The analysis is
conducted in sufficient detail to understand the significant aspects of each alternative and to
identify the uncertainties associated with the evaluation.

4.1.1.10. Modifying Criteria. As described in the RI/FS Guidance, the final two screening criteria
are state acceptance and community acceptance. These modifying criteria are described as
follows:

• State Acceptance. This criterion, which is an ongoing concern throughout the remedial
process, reflects the statutory requirement to provide for substantial and meaningful
state involvement. As a signatory to the FFA, the UDEQ has been, and currently is,
involved in each step of the EE/CA process.

• Community Acceptance. This criterion reflects the community’s preferences for, or
concerns about, the remedial alternatives. A 30-day public comment period is provided
for the community to ask questions and voice concerns about the remedial alternatives.
A notice will be published in the local paper soliciting public comments on the final
version of this document.

4.2 Pond 3 Alternatives Descriptions
4.2.0.1. This section describes the three alternatives evaluated for remediation of Pond 3
contaminated sediments. The three alternatives are considered the most plausible
remediation techniques. The following three removal alternatives are described in this
section:

• Alternative 1—No Action

• Alternative 2—Contaminated Sediment Removal with Off-Site Landfill Disposal
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• Alternative 3—Phytoremediation through Metal Extraction in a Treatment Cell

4.2.1 Alternative 1—No Action
4.2.1.1. Alternative 1 consists of no action. The no action alternative is included to provide
a baseline for evaluation of removal alternatives, as required by the NCP. Since the
contamination levels exceed a risk-based standard, this is not an acceptable alternative.

4.2.2 Alternative 2—Contaminated Sediment Removal with Off-Site Landfill
Disposal

4.2.2.1. Alternative 2 consists of contaminated sediments removal in Areas 1, 2, 3, and 4 as
shown in Figure 4-1, followed by off-site treatment and/or disposal. The sediments would
be excavated with standard grading equipment, such as trackhoes and front-end loaders,
during a period when the western portion of the pond is dry and the sediments are
unsaturated. The sediments in the contaminated area are normally unsaturated during the
summer and early fall months, when limited precipitation occurs. Approximately 200 cubic
yards (cy) of sediment contaminated with arsenic above background levels would be
excavated from the Pond 3 area. The final volume of sediment is expected to bulk upon
excavation to approximately 260 cy.

4.2.2.2. Following excavation, the sediments would be stockpiled or placed in roll-off type
containers, and characterized to determine treatment and/or disposal requirements. If
stockpile areas are necessary, the areas would be bermed and lined to prevent
contaminating underlying soils and wind dispersion. The stockpile or soil staging locations
would be west of the contaminated areas within the pond, in an area that would allow
access for large trucks. The excavations would not be backfilled with fill material, but rather
the area would be regraded to enhance natural drainage patterns and allow for added
capacity within the pond.

4.2.2.3. Confirmation sampling of the exposed native soil would occur at the same time as
the profiling of the stockpiles. Ten samples would be obtained within the excavations. If the
analytical results from the confirmation sampling exceed background levels for arsenic,
further investigation would occur to determine the depth to excavate. Localized excavation
may occur to depths ranging from 1 to 2 feet.

4.2.2.4. If it is determined that the sediment contains a hazardous waste, (as discussed in
Section 2.5), the sediments would be transported to a permitted Subtitle C facility for
treatment and/or disposal. If the characterization data indicate that the hazardous waste
constituents exceed the alternative LDR treatment standards of ten times the UTS, the
sediments must be treated prior to disposal in a Subtitle C facility. Treatment before
disposal will be conducted at the Subtitle C facility. If the sediment meets these LDR
treatment standards, the sediment does not require treatment and can be directly disposed
in a Subtitle C facility. However, if the characterization data indicate that sediment does not
contain a hazardous waste, it may be disposed in a Subtitle D facility permitted and
approved to accept this material. Hazardous and non-hazardous waste transportation
would comply with all state and federal regulations.

4.2.2.5. Alternative 2a assumes that the sediment will be profiled as non-hazardous,
allowing for disposal in a Subtitle D Facility. Alternative 2b assumes that the sediment will
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be profiled as hazardous, but does not exceed the alternative LDRs. In this case, the
sediment would be directly disposed in a Subtitle C Facility. In order to be conservative,
Alternative 2c assumes that all the sediments will require treatment and disposal in a
Subtitle C facility. This is the greatest cost scenario. It is possible that profiling may indicate
otherwise and the sediment may not need to be treated before disposal or may not even be
hazardous. If direct disposal in a Subtitle C facility were possible, the disposal cost would
decrease by approximately $70 per ton. Direct disposal to a Subtitle D facility would be even
less in cost ($30 per ton). These disposal alternatives will be evident once profiling has
occurred at the time of construction.

4.2.3 Alternative 3— Phytoremediation through Metal Extraction
in a Treatment Cell

4.2.3.1. Phytoremediation is the use of plant-based systems to clean or stabilize
contaminated soil, sediment, and water. Phytoremediation has been utilized at a number of
pilot and full-scale field demonstration sites for both metals and organic compounds.
Successful application of any phytoremediation system requires a blend of many disciplines
including engineering, hydrogeology, agronomy, soil science, and others. Phytoremediation
is particularly well suited for the following:

• Large field sites where other methods of remediation are not cost-effective or practical

• Sites with low concentrations of contaminants where only “polishing treatment” is
required over long periods

• Sites where vegetation is used as a final cap and closure

• Sites where ecological and aesthetic objectives (public relations, visibility, erosion
control, endangered species habitat, etc.) are important considerations in the overall
remedial strategy

4.2.3.2. Plant selection for phytoremediation of metals is more complex than for organic or
nutrient contaminants. The ultimate goal of the phytoremediation system determines plant
selection, in that different plants are needed for extraction than stabilization. As with other
phytoremediation technologies, basic agronomic considerations such as adaptation to
climate and soil characteristics also strongly influence plant selection.

4.2.3.3. Chinese brake fern (Pteris vittata) has become the species most notable recently for
its high affinity for arsenic. Pteris vittata research has shown it to be one of a few known
efficient arsenic hyperaccumulators by its ability to extract arsenic from soils both low
(0.5 mg/kg) and high (7,500 mg/kg) in arsenic (Ma et al., 2001).

4.2.3.4. Phytoextraction Background. There are two basic phytoremediation approaches for
metals in soils: phytoextraction and phytostabilization. Since the site may eventually be
closed, arsenic removal using phytoextraction is the preferred option to eliminate the long-
term risk to the environment from arsenic mobilization. Phytostabilization, which would
leave arsenic in the soils, may not be suitable for long-term consideration since
remobilization could occur if conditions change.

4.2.3.5. Vegetation Selected. Edenfern, a proprietary form of Pteris vittata, is a perennial
plant species that grows very rapidly in arsenic-contaminated soil. This fern species has
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been shown to regenerate substantial shoot biomass within 3 weeks following harvest of the
shoots, and consistently accumulates high arsenic concentrations in its roots and shoots
from successive harvesting (Edenspace, 2003; Ma et al. 2001). Thus, Edenfern could
provide a cost-effective, small-scale cleanup of arsenic-contaminated soil from the impacted
areas.

4.2.3.6. The Edenfern would likely grow as an annual in the Plant Hardiness Zones 5 to
7 characteristic of Ogden, Utah’s climate. To maximize the fern’s impact in the soil each
growing season, a planting density of one plant per square foot of treatment area is
recommended in each treatment area.

4.2.3.7. Removal Capabilities. Edenfern is typically most effective at removing arsenic from
the top 6 to 12 inches of soil. Deeper arsenic can be treated through excavation of the soil
and spreading it over a liner. The time required to reduce soil arsenic by 10 mg/kg depends
on the soil arsenic level and on growing conditions. Based on available data, Edenfern
typically takes about 2 to 4 months to reduce soil arsenic by 10 mg/kg. The Edenfern has
shown the ability to extract arsenic from soils with arsenic concentrations ranging from less
than 1 mg/kg to as high as 2,500 mg/kg. Arsenic content in the leaves has been reported as
high as 5,070 mg/kg (Chen et al., 2002).

4.2.3.8. Current research and field demonstrations indicate that metals are extractable from
soils using plants and the use of chelates may accelerate metal uptake. However, the
efficient removal of soil-bound metals is a sometimes slow process dependent on plant
growth. With the removal of any soil-bound metals, associated food chain risks from metal
accumulation in plant tissues must be considered in design. An example calculation for the
time required for cleanup is as follows:

• Example: The method used here to calculate the time for remediation is adapted from
Schnoor (1997). These data are only provided as an example and do not reflect
conditions at the site. Assumptions are as follows:

− Cleanup goal for arsenic is less than 9 mg/kg soil

− An average beginning soil concentration of 50 mg/kg in the surface 1-foot of soil,
resulting in a total mass to be removed of 3.5 g As/square foot (ft2) soil

− Assume removal rate of 10 mg As/kg soil per 2 month harvest period

− Assume all soil arsenic is plant-available

− Plant used is the Brake fern, or the Edenfern, a proprietary form of Pteris vittata

− Plant dry matter arsenic = 2.3 percent (23,000 mg/kg, Ma et al., 2001)

− Plant dry matter yield = 688 lbs/5,000 ft2/crop, three crops/year = 1 ton/
5,000 ft2/year

Under these assumptions, the estimated time to cleanup is 2 years.

4.2.3.9. This cleanup period is under ideal growth conditions and should be only
considered as the best possible case. The actual removal rate and achievable end point are
uncertain. Generally, removal efficiencies are highest within the earliest periods after
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introduction of the plant material, then removal rates level off when the least available
material to the plant’s roots remains. This final, recalcitrant, and non-extractable amount of
arsenic could occur at or above the cleanup standard in which case, the soil remaining above
cleanup standards would still be considered a hazardous waste and be handled in such a
manner for disposal.

4.2.3.10. Contaminant uptake rates are a function of the concentration of the contaminant in
pore water within the root zone, a plant’s water uptake rate, the tendency of a contaminant
to concentrate in the root, and the total plant biomass present in the target cleanup area. The
feasibility of the approach depends largely upon:

• depth of contamination (12 inches maximum)

• whether the metals of interest are sufficiently bioavailable or can be made bioavailable
through chelates or acidification

• total amount of metal that must be removed (determines the time required)

• risks to groundwater associated with mobilized metals that may not be captured by
plant roots

4.2.3.11. Implementation of Phytoremediation. Sequestering elevated concentrations of arsenic in
roots and shoot tissues away from the soil is the main objective. The plants can be left alone
to prevent contaminant migration, or biomass can be harvested and disposed of for a
fraction of the cost associated with traditional soil disposal. Harvesting is the preferred
phytoremediation alternative to eliminate the possibility of arsenic mobility.

4.2.3.12. If site conditions are favorable, the best approach for phytoextraction at Pond 3 is
to install a single treatment cell as a demonstration site with an area of approximately
5,000 ft2 as shown in Figure 4-2. The treatment area would be constructed with a
geomembrane-liner surrounded by 24-inch high temporary concrete dividers. The cell
design would incorporate a leachate/irrigation system to recycle leachate if collected and
prevent off-site movement of arsenic during the treatment period. High-level arsenic
contaminated soil would be removed from arsenic-impacted areas in Pond 3, placed in the
treatment cell, and homogenized to uniformly distribute the arsenic within the 12-inch deep
soil layer in the cell as shown in the cross section in Figure 4-2. Sufficient monitoring of the
soil and plant materials would occur twice per growing season and refined as needed to
design parameters, assess ecological risks associated with accumulation of metals in plants,
and monitor for potential leaching of metals to groundwater as a result of phytoremediation
enhancements.

4.2.3.13. Site Management. New fern fronds usually grow quickly after old fronds are
harvested. Harvested materials should be stored temporarily in a secure dumpster to allow
the fronds to air-dry. Disposal of plant materials should be made once per year after drying
has taken place. Dry material will reduce the landfilled mass without compromising
exposure to the arsenic. Disposal methods should follow standard RCRA protocols for
materials with hazardous content.

4.2.3.14. In a Plant Hardiness Zones of 5 to 7, cold winter temperatures will likely kill the
plants. Winter protection measures may reduce the need for wide-scale replanting each
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season, but design components should include replacement plantings each year in the event
freezing temperatures prevent survival.

4.2.3.15. Site Monitoring. After a baseline soil, arsenic level has been established within the
treatment cell, soil monitoring will occur semi-annually within the isolated treatment cell. A
maximum of 20 soil cores will be collected between 0 and 12 inches bgs at random locations
throughout the treatment cell. Soil sampling will occur at the beginning and end of the
growing season. The samples will only be analyzed for arsenic.

4.2.3.16. Plant material will also be collected on a semi-annual basis for arsenic tissue
analysis. The Edenfern sampling events will occur just after first flush in the spring and
during the last harvesting event of the year in the fall. Ten representative samples from the
fronds harvested will be collected per event for laboratory analysis of arsenic. By
monitoring the plant tissue arsenic levels in addition to the soil arsenic levels, the
effectiveness of the ferns can be determined. Knowledge of the effectiveness of the ferns will
allow site managers the ability to make proper adjustments and recommendations for future
site management.

4.2.3.17. Site Closure. Site closure at Pond 3 will occur when arsenic levels of the soil fall
below an average of 9.76 mg/kg.

4.2.3.18. Cost Analysis. A description of the startup and annual costs associated with using
Pteris vittata for arsenic phytoremediation from soils at Pond 3 are shown in Appendix D.

4.2.3.19. Phytoremediation Summary. The treatment cell would be approximately 5,000 ft2 in
size and located in the west end of the Pond 3 basin. The cell would be constructed with a
lined bottom and an irrigation system to capture leachate and reuse it as irrigation water
during periods of low rainfall. The 12-inch-thick soil layer of arsenic-impacted soil would be
planted with Pteris vittata, or Chinese brake fern, on 1-foot centers. Treatment or arsenic-
removal efficiencies are predicted to be approximately 10 mg/kg over a 2- to 4-month
period depending upon frond growth. Fronds would be harvested every 2 months during
the growing season and collected in a storage container to dry. Disposal of plant material
would occur once per year at an approved RCRA facility.

4.2.3.20. For the first year, excavation of soils, construction of the bermed treatment cell, and
the first fern planting would cost an estimated $94,040. In the following treatment years,
O&M costs (e.g., site management, soil and plant sampling, harvesting, fertilization) would
cost approximately $62,800.

4.2.3.21. It should be emphasized that with natural treatment processes, there is a measure
of uncertainty with arsenic uptake rates though the current literature and research supports
elevated removal efficiencies. The phytoremediation period could extend longer than the
projected 2 to 4 years. Ultimately, lowering soil arsenic levels should be considered the
primary objective and achieving the LDR the ultimate treatment goal for this project.

4.3 Detailed Analysis of Removal Alternatives
4.3.0.1. In order to provide a concise detailed analysis of the removal alternatives, each
alternative is presented in a tabular form. The detailed analysis for each alternative in this
EE/CA is included in two tables. The first table analyzes the alternatives against the seven
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criteria. The second table presents the key ARARs, identifies whether the ARAR is
applicable or relevant and appropriate, and indicates if and how the alternative will comply
with the ARAR. The detailed analysis of alternatives is presented in Table 4-1. The
evaluation of key ARARs is presented in Appendix C, Tables C-1 to C-6. The detailed
evaluation is not repeated in this text to avoid redundancy. The most important aspects of
the detailed evaluation are summarized in the following comparative evaluation.

4.4 Comparative Analysis of Alternatives
4.4.0.1. Based on the individual evaluation and assessment of each removal alternative, a
comparative analysis is presented in this section to evaluate the relative performance of the
three alternatives in relation to each specific evaluation criterion. The comparative analysis
identifies the advantages and disadvantages of each alternative relative to the others so that
key trade-offs can be reviewed during the decisionmaking process. The discussions are
organized from the best alternatives to the worst alternatives within each criterion.

4.4.1 Overall Protection of Human Health and the Environment
4.4.1.1. All alternatives are protective of human health and the environment with the
exception of Alternative 1. Alternative 2 achieves protection through the removal of the
contaminated sediments, thus eliminating the risk posed through each exposure pathway.
With contaminant removal, long-term monitoring and institutional controls to prevent
future exposure are not required.

4.4.1.2. Like Alternative 2, Alternative 3 achieves protectiveness through the removal of the
contaminated sediments and implementation of engineering controls. The means of removal
is through arsenic extraction by vegetation. The exposure pathways are minimized through
the placement of the contaminated sediments in a lined treatment cell. The contaminated
sediments remain on-site within the plant tissue until the vegetation is harvested and
disposed off-site. Alternative 3 is not a short-term solution like Alternative 2, and is
projected to take approximately 2 to 4 years to extract the arsenic contamination from the
pond sediments to background levels. Potential exposure to humans and the environment
does exist due to the contaminated sediments and phytoextraction plants remaining within
the pond.

4.4.2 Compliance with Applicable or Relevant and Appropriate Requirements
4.4.2.1. Alternative 1 would not comply with the ARARs because no remedial action is
being taken. Alternatives 2 and 3 would meet ARARs by removing contaminated sediments
that are a threat to human health and the environment. Although Alternative 3 is not a
short-term solution, this alternative still meets ARARs during the extraction process by
minimizing the exposure pathway to human health and the environment through
placement of contaminated sediments in a lined treatment cell. ARARs addressing long-
term monitoring would be implemented for Alternative 3 to verify that management
controls of the treatment cell are in place and effective. The disposal actions taken during
implementation of Alternatives 2 and 3 would be conducted to meet the action-specific
ARARs. This includes meeting RCRA LDRs for characteristic waste.
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4.4.3 Long-Term Effectiveness and Permanence
4.4.3.1. Alternative 2 is the most effective and permanent because the sediments are
removed and disposed offsite. This alternative does not require reliance on institutional
controls to prevent exposure to the contaminated sediments and requires no long-term
management. Alternative 3 is effective and permanent because the sediments are removed
and placed in an on-site lined treatment cell. The effectiveness of Alternative 3 is dependent
of the extraction capabilities of the vegetation and whether the vegetation can remediate the
sediments to background levels. Institutional controls would be required to prevent
exposure to the contaminated sediments, vegetation, and leachate. Institutional controls
would be imposed until the arsenic levels in the sediment reaches background levels and
the vegetation has been harvested and disposed off-site at an appropriate facility.
Alternative 1 is the least effective alternative. Alternatives 1 and 3 will require long-term
management of institutional controls and restrictions on land use.

4.4.4 Reduction of Toxicity, Mobility, and Volume through Treatment
4.4.4.1. Alternatives 2 and 3 reduce toxicity and mobility of the contaminated sediments by
excavation, but Alternative 3 results in the greatest reduction of volume in the contaminated
sediments because the arsenic is extracted from the sediments by the vegetation. With
Alternative 3, the toxicity of the sediments is decreased through extraction, mobility is
minimized by placing the sediments in a lined treatment cell, and the volume of
contaminated media to dispose is decreased. For example, approximately 390 tons of soil
would be disposed of in Alternative 2, while less than 1 ton of harvested vegetation would
need disposal with the implementation of phytoextraction.

4.4.4.2. In terms of the Pond 3 site, Alternative 2 reduces the TMV of the contaminated
sediments through removing and disposing off-site. The TMV is eliminated at Pond 3 with
the removal of the contaminated sediments, but this alternative is not considered a
treatment that actually reduces the TMV of the contaminants. The contaminated sediments
still exist, but have been relocated off-site to a disposal facility that manages the
contaminated sediments in order to eliminate exposure pathways to humans and the
environment. Alternative 1 does not reduce the TMV because no remedial action is taken to
eliminate exposure to humans and the environment.

4.4.5 Short-Term Effectiveness
4.4.5.1. Short-term risks to workers, the community, or the environment are related to
impacts from the construction and implementation of the remedial alternatives. Excavation
and movement of contaminated sediments are associated with all alternatives except
Alternative 1. Short-term risks associated with fugitive dust and direct contact with the
contaminated sediments are the main risks. Adherence to a health and safety plan and
material handling plan should prevent exposure of workers to contaminants. Impacts on the
community and environment are not expected, but air emission monitoring, dust
suppression, and implementation of an erosion control plan are necessary and should
mitigate risks. Alternative 1 possesses fewer short-term risks because there is no
transportation of contaminated materials off-Base. Alternative 3 possesses short-term risks
during excavation, plant harvesting, and transportation off-Base, but not to the degree of
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Alternative 2 which will require multiple truckloads of arsenic contaminated material to be
transported off-Base.

4.4.5.2. Alternative 2 poses the most risk relative to short-term impacts. It poses short-term
risks to workers, the community, and the environment. These risks are due to fugitive dust
from sediment excavation. There is potential risk for injuries from construction, or
transportation-related accidents due to increased truck traffic in the surrounding
community from transportation of contaminated sediments to an off-Base disposal location.
The risks to the community and environment from the dust, increased truck traffic, and
potential spills of contaminated material could be minimized through dust abatement
procedures, careful traffic routing and control during peak hours, and emergency spill
mitigation procedures.

4.4.6 Implementability
4.4.6.1. Alternative 2 is considered the most implementable due to the limited construction
effort as compared to Alternative 3. Alternative 2 consists of soil excavation, contaminated
sediment staging, and transporting off-Base with no additional infrastructure. Alternative 3
requires construction of a lined treatment cell with a leachate collection system as well as
planting of vegetation. The implementation of Alternative 3 requires greater effort than
Alternative 2. A potential risk to the implementability of Alternative 3 also exists in terms of
the adaptability of the vegetation to the environment and the extraction capabilities of the
vegetation. Alternative 1 is not implementable because the alternative does not comply with
ARARs.

4.4.7 Cost
4.4.7.1. A summary of the estimated costs for each of the alternatives is presented as part of
Table 4-1. The table breaks down the estimated capital, O&M, and total present net worth
cost. A detailed cost analysis is presented in Appendix D. The O&M costs are projected for a
30-year period with a 5 percent factor for inflation.

4.4.7.2. The least expensive alternative is Alternative 1. Total estimated cost for
Alternative 2 ranges from $182,279 to $214,454, depending on the excavated sediment/soil
characterization. Alternative 3 is the most expensive remedial option due to the extensive
cost associated with constructing a lined treatment cell, and with operation, monitoring, and
maintenance of the extraction plants.

4.4.8 Comparative Analysis of Alternatives Summary
4.4.8.1. In addition to the text description, the three alternatives were rated from 1 to 3,
with 1 being the best alternative and 3 being the worst alternative within each criteria. The
ratings are presented in Table 4-1. The ratings for each of the five balancing criteria were
summed to determine the relative rank of the alternatives. The alternative with the lowest
sum is considered the most appropriate for the site. The recommended alternative is further
discussed in Section 5.0.
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5.0 Recommended Removal Action Alternative

5.1 Recommended Alternative
5.1.0.1. Based on the EE/CA presented in Section 4.0, Alternative 2 is recommended for
the remediation of Pond 3 sediments. Alternative 2 consists of excavating Areas 1, 2, 3, and
4, profiling the contaminated sediments, and disposing the sediments at an appropriate
facility. Alternative 2 was selected for the following reasons:

• Threat of human or environmental exposure to contaminated sediments is mitigated
• The site can be closed upon removal of the contaminated sediments
• No long-term monitoring or institutional controls are required
• Most cost-effective alternative to mitigate site risks

5.2 Proposed Schedule
5.2.0.1. Excavation of contaminated sediments, profiling of sediments, and confirmation
sampling will require approximately 3 to 4 weeks. Another 1 to 2 weeks will be needed to
transport the sediments off-Base to a disposal facility and an additional week for final
regrading/revegetation of the pond surface. A total of 5 to 7 weeks will be needed to
complete the project. The excavation portion of the project should be completed in the
summer when the pond is dry and sediments are unsaturated. The excavation portion of the
project cannot be conducted while water is in the pond. Standing water in the pond during
construction will be addressed as a contingency to the construction project.
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APPENDIX A

Analytical Results
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INTRODUCTION

Three samples were submitted by Gary Colgan of CH2M HILL to EGI -University of
Utah for thin-section analyses.  The samples consist of sediments collected from a pond ((Hill
AFB Pond 3) at the Hill Air Force Base in northern Utah.   The objective of this study was to
determine if particles of asphalt or asphalt aggregate are present in the pond sediment samples.
Chemical analyses of the organic material in the pond sediments had identified the presence of
poly-aromatic hydrocarbons (PAH) that are indicative of asphaltic compounds.  The pond
occurs in the drainage of several asphalt-paved parking lots, and the sediment samples were
collected near the inlet of the pond.

METHODS AND PROCEDURES

Petrographic Analysis

Because of the friable and fine-grained nature of the unconsolidated material provided
for petrographic analysis, the samples were impregnated with clear epoxy before being
prepared as thin-sections.  Standard sized thin-sections were made and half of each were
stained for potassium feldspar.  Idaho Petrographics of Grangeville, Idaho prepared the thin-
sections.  The petrographic analyses were performed at EGI’s X-ray Diffraction and
Petrographic Lab in Salt Lake City, Utah.  Photomicrographs were taken of characteristic
features in the three samples.  Appendix A contains these images and a short description of
each.

PETROGRAPHIC DESCRIPTIONS

Sample: U97661003
Sample Type: Pond sediment

Texture and Mineralogy

This sample is predominately (60 to 70 %) composed of granule-sized lithic grains that
are approximately 3.0 to 4.5 mm in diameter.  These larger grains are mostly quartz-rich
quartzite and granitic rock fragments, and their dominantly subrounded shape suggests that
these are detrital grains with a long history.  Minor amounts of limestone, pelite, chert and
gneissic rock fragments occur in this size category and are also subrounded.  Most of the
granules appear to be derived from metamorphic rocks.  Some chert granules contain rounded
(0.15 mm) fossils that suggest their origin as silicified, fossiliferous limestones.  The gneiss
granules contain coarse-crystalline biotite, feldspar, amphibole, garnet and kyanite.  A few of
the quartzite grains contain veins of epidote.  One quartzite grain in the sample is about 8 mm
long and can be classified as a pebble (using a Wentworth scale; as in Scholle, 1979).

About 30% of the grains in this sample are between 0.25 and 1 mm in size (medium to
coarse sand, or between U.S. Standard sieve mesh numbers 60 and 18).  The smaller clasts in



2

this size fraction are often single quartz crystals.  The lithologies represented in these sand-
sized grains are generally similar to those of the granule-sized grains, but in marked contrast to
the granules, the sand-sized grains are much more angular in shape.  Many appear to be broken
fragments of the larger grains, suggesting that they may have been crushed to make a fine
aggregate.

A few of the granules and many of the sand grains are coated and/or stuck together with
a dark orange-brown amorphous material.  The brown material coats the granules and infills
areas with irregular borders along the exterior of the granules.  This coating is most prevalent
on coarsely crystalline limestone or dolomite clasts where the periphery of the clast is not
smooth, and can be observed to penetrate fractures and crystal boundaries along the clast
margin.  The brown material commonly contains small (0.1 mm) angular quartz fragments
embedded within it; these fragments are matrix-supported by the brown material.  Separate
small (1 –2 mm wide) irregularly-shaped particles of dark brown material with fine broken
quartz crystals are also present (see images).  The matrix of these particles is dark under
crossed nichols and indicates that the dark material is amorphous.

The thin-section also contains one 2mm cellular plant fragment.

Evaluation of the Presence of Asphalt Aggregate

The amorphous, orange-brown material is interpreted as asphalt binder, and the
particles containing this binder are interpreted as pieces of asphalt aggregate.  The best
evidence for this is textural.  The lack of grain sorting, presence of extremely angular rock
fragments and cementation by the bituminous material suggests formation of these particles by
non-geologic processes.   The rounded granules, angular sand-sized rock fragments, and
orange-brown matrix may represent the three major constituents of a man-made asphalt
aggregate; that is, the coarse aggregate (original quartz-rich river gravel), the fine aggregate
(crushed and probably, sieved equivalent of the latter), and the asphalt binder matrix,
respectively.

Sample: U97665001
Sample Type: Pond sediment

Texture and Mineralogy

This sample is similar to Sample U97661003.  It contains the same types of clastic
grains with the same general lithologies represented.  The biggest difference is in the particle
size distribution; in general, it is finer-grained.  In this sample, 10 to 20 percent of the clastic
grains are between 2.0 and 4.0 mm in diameter (granule-size) and the other 90 to 80 percent are
between 0.1 and 0.3 mm wide (very fine to fine sand sized).  A few large quartzite pebbles up
to 13 mm long are also present in this sample.
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As in the last sample, the granules are rounded to subrounded and are dominated by
quartzite.  Other lithologies represented as clasts in this size range include limestone, meta-
siltstone, pelitic rock, chert, granite and gneiss.  One clast consists of a mafic volcanic.

Many of the fine sand grains consist of single quartz crystals.  Some of the sand grains
appear to be quartzite or granitic rock fragments.  All of the fine sand-sized grains are angular
and the quartz crystals appear to be fractured or broken.

Orange-brown asphalt coats just a few of the rounded granules but more of the fine
angular sand with irregular grain boundaries.  As a rough estimate, about 5 to 10 percent of the
particles are coated with or contain some asphaltic material.  The asphalt binder appears to
stick better to clay-rich lithologies (such as pelite), and irregularly-shaped coarsely crystalline
metamorphic and limestone grains than to the dense, rounded quartzite clasts.  The original
quartz grains in the quartzite granules are completely overgrown and cemented with quartz,
and there is no visible intragranular porosity.  In places, there appear to be air bubbles between
the granule borders and the asphalt aggregate (see images in the photomicrographs).  In more
porous clasts, the brown asphalt binder appears to have penetrated into the grain along pores,
crystal boundaries, and fractures (see images).  The asphalt aggregate contains 0.1 mm angular
fragments of quartz (fine aggregate) embedded in orange-brown binder.

There are a few cellular plant fragments in the thin-section, as well as one piece of
rusted metal.

Sample: U97667001
Sample Type: Pond sediment

Texture and Mineralogy

This sample is much finer-grained than the last two and contains abundant plant
material as well as possibly, organic-rich clayey pond sediment.  One separate woody plant
fragment is 3 mm long but most of the plant debris admixed with clastic material is less than a
mm in length.  There are a few larger clastic grains in the thin-section.  These are 8 mm
rounded pebbles of chert and granite, and smaller coarse sand- to granule-sized clasts with
quartz-rich metamorphic and granitic lithologies.  One quartzite clast has abundant hematite
cement and some of the metamorphic rocks contain magnetite and other mafic minerals.  The
combination of the presence of abundant organic material and the dark metamorphic minerals
may contribute to the generally dark color of this sediment sample.

The sample is dominated by irregularly shaped, wispy to fibrous particles that contain
cellular plant debris and fine sand- to silt- sized quartz, potassium feldspar, and magnetite
grains in a dark brown matrix (see photomicrographs).  It is difficult to determine whether this
material is actual pond sediment, or plant and other clastic debris cemented with asphalt binder.
However, the presence of fine-grained magnetite mixed with the plant material suggests that
this fine-grained material could represent iron-rich and/or organic-rich pond sediment with the
dark brown color of the matrix attributable to a combination of iron oxides from the weathering
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of magnetite and the high organic content of the sediment. The abundance of detrital magnetite
in this sample suggests the concentration of heavy minerals by normal sedimentological
processes.  In addition, the silt-sized clastic grains are generally subangular to subrounded and
don’t have the fractured character of the quartz fragments in the asphalt aggregate.

There are particles in this sample that do resemble the asphalt aggregate observed in the
previous two samples.  One of these is a large granitic gneiss clast that has a rim of orange-
brown asphalt binder with embedded angular quartz grains (see photomicrograph images).
Although the exact proportion of in-situ pond sediment to introduced asphalt aggregate is not
known, it appears that both kinds of particles are present in this sample.  The dark color is
likely due to the heavy mineral and organic content of the pond sediment, rather than an
abundance of asphalt.

SUMMARY

The three sediment samples from Hill AFB Pond 3 are similar to each other in texture,
composition and mineralogy, and differ only in the proportion of coarse to fine material.  All
three appear to contain a significant proportion of particles derived from asphalt aggregate, of
which the surrounding parking lots are likely composed.  Since the lithologic composition of
the detrital clasts and the asphalt-coated clasts is similar, it is difficult to determine the relative
proportion of pavement-derived sediment compared to indigenous clastic material (gravel, sand
and silt from the Weber River Delta and/or associated alluvial sediments).

References:

Scholle, P.A., 1979, Constituents, Textures, Cements, and Porosities of Sandstones and Associated Rocks,
American Association of Petroleum Geologists Memoir 28, 201p.
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Sample U97661003
Plain light, Field of view = 3250 um = 3.25 mm

Dark-colored particle in center of image is likely a fragment of asphalt
aggregate. The aggregate consists of angular fragments of quartz, granite,
and pelite embedded in a dark orangish brown asphalt binder matrix. The rock
fragments in the asphalt are fine to medium sand-sized.
Other particles in the field of view include a limestone clast (top of image),
a pelitic rock fragment (bottom of image), and a quartzite clast (lower left).



Sample U97661003
Crossed nichols, Field of view = 3250 um = 3.25 mm

Same view as previous image. The matrix of the asphalt aggregate is dark
under crossed nichols, which indicates that the matrix material is amorphous
(i.e. , not composed of crystalline minerals). Tarry residues, asphalt
compounds, and other bituminous hydrocarbons are all amorphous.



Sample U97661003
Plain light, Field of view = 3250 um = 3.25 mm

Dark asphaltic material coats two particles in this image and forms the
binding matrix for another particle. Even though the limestone grain
(bottom of image) is rounded, the coarsely crystalline character of the
limestone appears to make an irregular exterior that the asphalt can easily
adhere to. The irregularly shaped particle in the right center of this image is
asphalt aggregate containing angular silt to fine sand-sized quartz grains.
The asphalt-coated quartz grain above this particle is characteristically
broken and brecciated. The fracturing of the quartz suggests that it may
have formed from the anthropogenic crushing of larger pebbles or cobbles
with a quartz-rich lithology (such as granite or quartzite), in order to make a
fine aggregate for the asphalt aggregate.



Sample U97661003
Plain light, Field of view = 3250 um = 3.25 mm

This view shows an irregularly-shaped, granule-sized limestone breccia clast
that has asphalt aggregate stuck to both sides of it. Note the angularity and
fine sand to silt-sizing of the quartz fragments in the dark asphalt binder.



Sample U97661003
Plain light, Field of view = 3250 um = 3.25 mm

Another rounded to subrounded granule of granitic rock that has asphalt
binder and aggregate stuck to it. The lithologies of the granule-sized coarse
aggregate and the sand to silt-sized fine aggregate are similar. Rounded
vesicles in the asphaltic binder appear to be air bubbles in the aggregate.



Sample U97665001
Plain light,
Field of view = 1300um = 1.30 mm (top); 3250 um = 3.25 mm (bottom)

Subrounded granule composed of silicified fossiliferous limestone with rim
of dark asphaltic material. Note the silt-sized angular quartz fragments as
fine aggregate and the presence of rounded elongate air bubbles in the
binder material in the close-up image (top).



Sample U97665001
Plain light (above), Crossed nichols (below)
Field of view = 3250 um = 3.25 mm

This is a rounded pelitic granule that is coated with dark-colored asphalt
binder. The brown stain along the margin of the clast appears to be
asphaltic material that has penetrated into the clayey matrix of the pelite.



Sample U97667001
Plain light, Field of view = 1300 um = 1.30 mm

The fibrous material in this particle are fragments of cellular plants. This
woody plant debris appears to be incorporated into a dark brownish matrix
material. In this particle, it is not clear whether the dark matrix is asphalt
binder or fine-grained organic-rich pond sediment. However, the presence
of fine detrital magnetite (black minerals on right side of the particle)
suggests that the dark material may represent sediments and not just
asphalt.



Sample U97667001
Plain light (top), Crossed nichols (bottom)
Field of view = 3250 um = 3.25 mm

This quartzite granule is composed of rounded quartz sand grains that are cemented with
quartz overgrowths; there is no visible porosity and no brown asphalt stain within the
clast itself. The clast is rimmed with orangish brown asphalt aggregate containing silt- to
fine-sand sized angular fragments of quartz. This is an asphalt aggregate particle
containing the three standard components of asphalt aggregate, which are; 1) the coarse
aggregate (quartzite granule), 2) the fine aggregate (silt-sized quartz), and 3) the asphalt
binder (the brown matrix). The image taken with crossed nichols shows the amorphous
character of the asphalt binder in the matrix.



Sample U97667001
Plain light
Field of view = 1300um = 1.30 mm (top); 3250 um = 3.25 mm (bottom)

The lower image illustrates a rounded gneiss granule with some asphalt
aggregate stuck to it. The upper image is a close-up of the reddish brown
asphalt binder with angular quartz fragments.



Sample U97667001
Plain light, Field of view = 3250 um = 3.25 mm

Larger view showing round granite and subangular limestone granules (both
without asphalt rims), and irregularly-shaped particles of organic-rich
sediment with wispy, fibrous plant fragments.



Sample U97667001
Plain light, Field of view = 3250 um = 3.25 mm

A variety of particle types in this sample: porous plant debris (left side of
image), subangular granite granule (lower left corner), quartzite granule with
asphalt stuck to it (right side), and smaller fine sand-sized quartz and granitic
rocks fragments.



Sample U97667001
Plain light, Field of view = 3250 um = 3.25 mm

Larger particles in the sample (from left to right): granite pebble (with yellow
potassium feldspar stain), strip of dark brown asphalt aggregate, light brown
plant fragment (stalk), and woody plant debris with larger pores. Smaller
particles are rounded granitic sand grains and organic-rich sediment.
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APPENDIX D

Present Worth Cost Analysis

D1.0 Overview of EE/CA Pond 3 Cost Estimates
D.1.0.0.1.  This appendix contains the cost estimates performed to support evaluations of the
Pond 3 EE/CA alternatives.  Attached to this appendix are tables that show remedial
components included in each alternative and costs of remedial components, including
capital cost, annual operation and maintenance costs (as net present value calculated over
30-year period).  The costs were calculated using regional labor, material, and equipment
costs, and were derived from construction cost manuals, construction experience, and
construction contractor quotes.

D.1.0.0.2.  In accordance with EPA guidance, the cost estimates for each alternative are order-
of-magnitude estimates.  Estimates of this type are generally considered to be accurate
within “plus 50 percent or minus 30 percent.”  This range implies that there is a high
probability that the final project cost will fall within the range.

D.1.0.0.3.  The cost estimates have been prepared for alternative evaluation and are based on
the information available at the time of the estimate.  The accuracy of estimates is subject to
substantial variation because details about the specific design of each alternative (such as
site conditions, final project scope and schedule, design details, the bidding climate and
other competitive market conditions, changes during construction and operation,
productivity, interest rates, labor and equipment rates, tax effects, and other variables) will
not be known until the time of actual implementation of the final remedy.  Each selected
technology or process is intended not to limit flexibility during remedial design but to
provide a basis for making alternative evaluation cost estimates.  The remedial action and
cost estimates will be refined during final design.  As a result, the final alternative cost will
likely vary from these estimates.  The proximity to actual costs will depend on how close the
assumptions made for this alternative evaluation match final conditions, as well as other
factors such as those cited above.

D.1.0.0.4.  The present worth calculated for each alternative is used to evaluate expenditures
that would occur over an assumed 30-year operation period by discounting all future costs
to a common base year.  This allows the cost of remedial action alternatives to be compared
on the basis if a single figure representing the amount of money that, if invested in the base
year and disbursed as scheduled, would be sufficient to cover all costs associated with the
remedial action over its planned life.  A real discount rate of 5 percent (meaning that the
difference between the nominal discount rate and inflation is 5 percent) and a constant value
based on 2002 rates for material, expenses, and services was used in the estimates.

D.1.0.0.5.  Remedial design efforts may also reveal that it is possible to reduce the original
project cost estimates.  Reductions in the estimated costs could be the result of value
engineering conducted during remedial design.  Through the value engineering process,
modifications could be made to the functional specifications of the remedy to optimize
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performance and reduce costs.  It should be noted that this type of design variance may
have a noticeable impact on the estimated cost of the remedy, but will not affect the ability
of the remedy to comply with the performance standards.

D2.0 Direct Capital Costs
D.2.0.0.1.  Direct capital construction costs consists of all costs required to construct a
remedial component, including labor, materials, equipment, utilities, and other associated
costs.  Direct capital costs have been itemized for each alternative.  A 30 percent contingency
has been included in the direct capital cost estimate as a provision for unforeseeable,
additional costs within the general bounds of the alternative scope.  The contingency is used
as a means to reduce the risk of possible cost overruns.  The contingency in this estimate
consists of two components: bid contingency and scope contingency.  Bid contingency
covers the unknown costs associated with constructing a given project scope, such as
adverse weather conditions, strikes by material suppliers, geotechnical unknowns, and
unfavorable market conditions for a particular project scope.  Scope contingency covers
scope changes that invariably occur during remedial design and implementation.  Thirty
percent for contingencies is commonly used for an estimate at the alternative evaluation
level.

D3.0 Indirect Capital Costs
D.3.0.0.1.  Indirect capital costs (nonconstruction and overhead) consist of engineering,
financial, administration, supervision, and other services necessary to carry out a remedial
action.  They are not incurred as part of the actual remedial action but are ancillary to direct
or construction costs.  Indirect capital costs include the following items, describes in more
detail in subsequent sections.

• General requirements
• Permitting and legal
• Services during construction
• Engineering design cost

D3.1 General Requirements
D.3.1.0.1.  The cost estimates include an allowance of 10 percent of capital costs for general
requirements to cover the costs associated with contractor mobilization and demobilization,
and bonds and insurance, for example.

D3.2 Permitting and Legal
D.3.2.0.1.  The cost estimates include an allowance of 5 percent of the capital cost for
permitting and legal costs.  Permitting and legal costs include:

• Legal and other fees for technical personnel to obtain licenses and permits
• Fees for non-environmental construction permits from federal, state, and local

jurisdictions
• Fees for operating permits from federal, state, and local jurisdictions
• Legal advice to obtain licenses or negotiate construction and operating contracts
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D3.3 Services During Construction
D.3.3.0.1.  The cost estimates include an allowance of 10 percent of capital cost for services
during construction.  Services during construction include:

• Bidding and contract administration
• Construction management and onsite observation
• Change order negotiations
• Pre-purchase of equipment and expedition of deliveries
• Submittal review and office services
• Record drawings
• Additional design work during construction

D3.4 Engineering Design Costs
D.3.4.0.1.  The cost estimates include an allowance of 10 percent of capital cost for
engineering design costs. Engineering design costs include:

• Design and process development
• Preparation of specifications and bid documents
• Drafting

D4.0 Operation and Maintenance Costs
D.4.0.0.1.  Annual operation and maintenance costs are those post-construction/installation
costs necessary to ensure continued effectiveness of a remedial action and achievement of its
objectives. Operation and maintenance costs include:

• Operating Labor Costs—Wages, salaries, training, overhead, and fringe benefits
associated with the labor needed for post-construction operation

• Maintenance Materials and Labor Costs—Costs for labor, parts, and other resources
required for routine maintenance of facilities and equipment

• Auxiliary Materials and Energy—Costs of items such as chemicals and electricity for
treatment plant operation, water and sewer services, and fuel

• Disposal of Residues—Costs to treat or dispose of residuals such as sludges from
treatment processes or spent activated carbon

• Purchased Services—Sampling costs, laboratory fees, and professional fees for which the
need can be predicted

• Administrative Costs—Costs associated with the administration of remedial action
operation and maintenance not included under other categories

• Insurance, Taxes, and Licensing Costs—Costs of items such as liability and sudden
accidental insurance, real estate taxes on purchased land or rights-of-way, licensing fees
for certain technologies, and permit renewal and reporting costs
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• Maintenance Reserve and Contingency Funds—Annual payments into escrow funds to
cover costs of anticipated replacement or rebuilding of equipment and any large
unanticipated operation and maintenance costs

• Rehabilitation Costs—Costs for maintaining equipment or structures that wear out over
time

D.4.0.0.2.  The operation and maintenance cost estimates include a 30 percent contingency on
the estimated operation and maintenance costs. As discussed above for capital costs, this
contingency has been included in this estimate as a provision for unforeseeable additional
costs.
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APPENDIX E

Regulator Comments and Response to Comments



RESPONSE TO EPA REVIEW COMMENTS ON THE DRAFT REPORT

HILL AIR FORCE BASE ENGINEERING EVALUATION/COST ANALYSIS
FOR THE OPERABLE UNIT 9 POND 3 REMOVAL ACTION

May 2003

General Comments:

1. Please explain how the background levels were obtained.

Response: Background levels were developed in the Final Comprehensive Data Evaluation for the
South Area of Operable Unit 9 Site Investigation (OU9 SI) (CH2M HILL, 2002).  Appendix E of the
OU9 SI presents the documentation submitted to HAFB, EPA, and UDEQ concerning the
establishment of background levels of metals for the North and South areas of OU9. The
background levels, procedures used to calculate the background levels, and responses to EPA
and UDEQ comments are presented as a memorandum in Appendix E. 

2.  What disposal facility will be used for Alternative 2?  Hill AFB must comply with the off-site
policy.  For non-time-critical removals involving off-site disposal, Hill AFB must indicate that
the appropriate State environmental officials have been notified and that the off-site policy has
been met.

Response: It was assumed for costing purposes that ECDC Landfill in Carbon County, Utah
would be used as the Subtitle D Facility and Grassy Mountain Landfill in Tooele County, Utah
would be used as the Subtitle C Facility.  HAFB will follow the CERCLA Off-Site Rule described
in 40 CFR 300.440 when selecting a RCRA approved disposal facility and will request approval
from the appropriate regulatory officials.

3.  When specifically will this removal action take place? 

Response: Pending funding, the removal action at Pond 3 is currently planned for the
Summer/Fall of 2003.

4.  The Action Memo is the critical component of the administrative record because it is the
primary decision document for a removal response.  The Action Memo serves as the primary
decision document substantiating the need for a removal response, identifying the proposed
action and explaining the rationale for the removal.  When will Hill AFB prepare the Action
Memorandum and who will sign it?

Response: The Action Memorandum will be prepared once the Remedial Design/Remedial
Action Work Plan for the chosen remedy have been approved by EPA and UDEQ regulators.
The Director of Environmental Management for Hill AFB will sign the Action Memorandum. 

5.  For non-time-critical removal actions, a 30-day public comment period is required on the
EE/CA and any supporting documentation at the time the EE/CA is made available for public
comment.  The administrative record file must be made available for public inspection at the



same time the EE/CA is made available.  Please state when the 30-day public comment period
will begin.

Response: The 30-day public comment period will begin as soon as the Pond 3 EE/CA has been
approved by the regulators.  The Action Memorandum and 30-day public comment period will
follow a schedule similar to the Pond 1 EE/CA.

Specific Comments:

1. Page 2-1, Section 2.2.2.2: Please describe in detail the specific types of wildlife that currently
exists at Pond 3.  Specifically, are there any threatened and/or endangered species present. 
Also describe the effects of the current contamination on the wildlife habitat at Pond 3
during wet and dry periods.

Response: Table 1 and Table 2 summarizes the bird and mammal species that may occur on
HAFB and associated lands. The only bird species considered "threatened" is the bald eagle.
Currently there are no known "threatened" or "endangered" mammal species inhabiting HAFB.
A wildlife survey specific to Pond 3 has not been conducted for either birds or mammals. Fish
species that exist in Pond 3 are largemouth bass (Micropterus salmoides), bluegill (Lepomis
macrochirus), and black bullhead (Ameiurus melas); none of which are "threatened" or
"endangered." A survey for amphibians and reptiles has never been conducted at HAFB. The
Utah Division of Wildlife Resources has the western toad (Bufo boreas boreas) and milk snake
(Lampropeltis triangulum) listed as "sensitive" for Davis County.

A study of the current effects of arsenic-contaminated sediments at Pond 3 on inhabiting
wildlife has not been conducted at HAFB. The following describes potential effects that arsenic
may have on exposed wildlife.  Since the recommended remedial action is to remove the
contamination from Pond 3, the contamination will not affect the wildlife habitat.

Amphibian/Reptiles
Very few toxicological studies have been conducted for arsenic on amphibians or reptiles.  The
lowest available concentration found to cause 50% mortality in a 96-hr exposure (96-hr LC50) to
the bullfrog tadople (Rana catesbeiana) was at 25 mg/L (EPA 1996).

Birds
Arsenic is found to have effects on bird that ranges from reduced growth, increased mortality,
decreased egg weight to egg shell thinning. Growth rate for the mallard was reduced when they
were fed 40 mg/kg-food (dry weight) over a period of 10 weeks (DOI 1998).  The belted
kingfisher and the blue heron are the two most relevant water fowls for aquatic habitats.  The
no-observed effect level (NOAEL) were 19 to 22 mg/kg wet weight for those two species based
on sodium arsenite in the diet (DOI 1998).

Mammals
Arsenic is known to cause reproductive effects in many mammalian species.  Mammals can be
exposed to arsenic mainly through ingestion of contaminated vegetation and water.  Studies on
mice exposed to arsenic over a 3 generation period showed declining litter size with successive
generation.  The NOAEL and the lowest observed effect level (LOAEL) is determined to be at
0.126 and 1.26 mg/kg-day, respectively (Sample et al., 1996). However, chronic (long-term)



exposure to arsenic is uncommon because the detoxification and depuration of arsenic in
mammals are rapid (DOI 1998).

Benthic invertebrates
A comprehensive evaluation of chemical concentrations in sediment that would elicit adverse
biological effects to the benthic invertebrates was conducted (DOI 1998).  It was determined that
at sediment concentration of 8.2 mg/kg (dry weight) or less would not cause adverse effects;
concentrations that are above 70 mg/kg (dry weight) would cause adverse biological effects.
These evaluations were based on marine and estuarine sediments; nevertheless, there is no
statistical difference in adverse levels between the biological response of marine and freshwater
benthic invertebrates (Jones et al 1996). 

2.  Table 2-1: Please change the footnote for “bgs”at the bottom of the Table.  I believe it should
read “below ground surface” instead of “between ground surface”.

Response: The footnote for Table 2-1 will be changed to read “below the ground surface.”

3.  Page 2-9, Section 2.6.3: Please provide discussion on compliance with the Off-Site Policy.

Response: The following paragraph will be added to Section 2.6.3.

The CERCLA Off-Site Rule requires that hazardous substances, pollutants or contaminants
transferred off-site for treatment, storage or disposal during a CERCLA response action be
transferred to a facility operating in compliance with 3004 and 3005 of RCRA and other
applicable laws or regulations.  The contaminated media at Pond 3 will only be transported to
an RCRA-approved facility.  In order to be compliant with this rule (40 CFR 300.440), HAFB will
obtain EPA approval prior to sending Pond 3 contaminated media to a disposal facility.  EPA
will determine the acceptability of the selected disposal facility under RCRA and other
applicable laws or regulations. 

4.  Page 4-5, Section 4.2.2.1: Please state the estimated time frame when the pond will be dry and
the sediments unsaturated.

Response: Section 4.2.2.1. will be changed to read as follows:

4.2.2.1. Alternative2 consists of contaminated sediments removal in Areas 1, 2, 3, and 4 as shown
in Figure 4-1, followed by off-site treatment and/or disposal.  The sediments would be
excavated with standard grading equipment, such as trackhoes and front-end loaders, during a
period when the western portion of the pond is dry and the sediments are unsaturated.  The
sediments in the contaminated area are normally unsaturated during the summer and early
fall months, when limited precipitation occurs.  Approximately 200 cubic yards (cy) of
sediment contaminated with arsenic above background levels would be excavated from the
Pond 3 area.  The final volume of sediment is expected to bulk upon excavation to
approximately 260 cy.

5.  Page 4-5, Section 4.2.2.3:  According to Figure 4-1, localized excavation may occur to depths
ranging from 1 to 4 feet.  Please explain why the text in this section refers to depths ranging
from only 1 to 2 feet.



Response:  Figure 4-1 shows the initial excavation depths for each of the areas.  The depth range
of 1 to 4 feet bgs referenced in Figure 4-1 is the excavation depth for a portion of Area 2.  The
depth range of 1 to 2 feet bgs discussed in Section 4.2.2.3. refers to the additional excavation that
may occur if analytical results from the confirmation sampling exceed background levels for
arsenic.

6.  Page 4-5, Section 4.2.2.2: Please explain in more detail how wind dispersion of the stockpile
areas and the excavation area will be prevented on a daily basis.

Response:  Techniques to prevent wind dispersion of the stockpiled material will be determined
by the construction contractor and will be discussed in the contractor’s Site Safety Plan, which
will include a dust suppression plan.

7.  Page 4-4, Section 4.1.1.10: Under community acceptance, please state when the 30-day public
comment period will begin.

Response: The public comment period will begin once the EE/CA has been finalized.  The
second bullet under Section 4.1.1.10. will read as follows:

Community Acceptance.  This criterion reflects the community’s preferences
for, or concerns about, the remedial alternatives. A 30-day public comment
period is provided for the community to ask questions and voice concerns about
the remedial alternatives.  A notice will be published in the local paper soliciting
public comments on the final version of this document.

8.  Page 4-12, Section 4.4.7.2: The range of cost for Alternative 2 is not consistent with the range
of cost specified in Table 4-1 and Table D-2.  Please change or explain the reason for the two
different cost ranges.

Response: The cost range in Table 4-1 is equivalent to costs shown in Tables D-2, D-3, and D-4. 
The costs given for Alternative 2 in Table 4-1 show a range of $144,956 - $214,454 which is
dependent on the accepting disposal facility.  Table D-2 gives a cost of $144,956 for direct
disposal at a Subtitle D Facility; Table D-3 gives a cost of $182,279 for direct disposal in a Subtitle
C Facility; and Table D-4 gives a cost of $214, 454 for treatment and direct disposal in a Subtitle
C Facility.  Therefore the cost range for Alternative 2 is $144,956 - $214,454 as shown in Table 4-
1.

9.  Page 5-1, Section 5.2.0.1: Please further explain the last sentence which refers to a contingency
for standing water in the pond.  What exactly is this contingency plan for standing water? 
Please provide more details on the contingency plan.  Has it been developed and when will it be
available for appropriate review?

Response:  Section 5.2.0.1. states that “standing water in the pond during construction will be
addressed as a contingency to the construction project.”  This means that if standing water exists
within the pond area where construction activities are to occur, then construction activities will
be stopped until conditions are suitable to continue.  This construction contingency along with a



description of suitable conditions will be outlined in the design Remedial Design/Remedial
Action Work Plan.  This RD/RA Work Plan will be reviewed by EPA and UDEQ regulators.

10.  Page 2-9, Section 2.6.2: Please describe the process for obtaining regulatory approval of the
confirmation sampling.

Response:  If the analytical results of the confirmation samples are below the already regulatory
approved background levels then Hill AFB will assume regulatory approval and no further
excavation will be done.  If confirmation sampling still shows levels above background, Hill
AFB will excavate additional soils and take additional confirmation samples.  The analytical
results will be documented in a final report to be completed at the conclusion of construction. 

11.  Page 2-8, Section 2.5.5: Please discuss the risk due to the elevated levels of PAHs and metals
in Pond 3.  Are there any human health or environmental risks associated with leaving elevated
levels of PAHs and metals in Pond 3?  Please explain in more detail the rationale for excluding
these from the list of Chemicals of Concern.

Response:  As stated in Section 2.3.4 Poly-Aromatic Hydrocarbon Investigation, the PAHs are
bound within asphalt matrices. Therefore no risk to human health and/or the environment
exists because the PAHs are bound to the asphalt aggregates and are immobile. Elevated metal
levels in the central portion of the pond (Boring U9-7667) could not be verified with four
additional samples in the area (refer to Section 2.3.2.6.).  The highest concentration of Cadmium
and Lead detected in the four additional samples were 2 mg/kg and 57.3 mg/kg, well below the
background concentrations of 3.58 mg/kg and 400 mg/kg, respectively. The Cadmium level at
Boring U9-7667 is less than 2 times the background level and the Lead level slightly exceeds
action levels, but appears to be confined to a very limited area. It is assumed that the elevated
metals detected at Boring U9-7667 are isolated to this location and do not exist elsewhere in the
pond. Therefore, the risks from the elevated metal levels are considered minimal.
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RESPONSE TO UDEQ REVIEW COMMENTS ON THE DRAFT REPORT

HILL AIR FORCE BASE ENGINEERING EVALUATION/COST ANALYSIS
FOR THE OPERABLE UNIT 9 POND 3 REMOVAL ACTION

May 2003

Comment:
1. The Pond 3 EE/CA should include a community involvement section. A notice should also be
published in the newspaper soliciting public comments on this document.

Response: The public comment period will begin once the EE/CA has been finalized.  The
second bullet under Section 4.1.1.10. will read as follows:

Community Acceptance.  This criterion reflects the community’s preferences
for, or concerns about, the remedial alternatives. A 30-day public comment
period is provided for the community to ask questions and voice concerns about
the remedial alternatives.  A notice will be published in the local paper soliciting
public comments on the final version of this document.




